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ABSTRACT
Using the tools provides by the scientific community, namely the products of
lifecycle cost assessments (LCA) – which are synthesized in environmental product
declarations (EPD) – and life cycle cost assessments (LCCA), the overall environmental
and economic impacts of historic, traditional, and simulated materials are established and
compared. This informs the historic preservation community of the quantifiable
sustainability of historic materials in relation to alternatives. Through these two different
methods of environmental and economic life cycle costing, this research demonstrates
that retaining in-situ siding incurs the least impact on the environment and is the second
most economic option. While the installation of new, traditional wood siding has the
next lowest environmental impact, it is the most expensive method over time. Thus,
while simulated materials are often promoted as the most environmentally and
economically sustainable, retaining in-situ siding and its modern equivalent proves the
most sustainable option. The replacement of historic wood siding with vinyl does
provide the most economic option of the four. While this does not necessarily settle the
historic preservation and sustainability conversation, it does present an interesting
possibility of mothballing historic wood siding with vinyl. Through this thesis, data
driven studies provide further support for the sustainability of historic and traditional
means of siding, and reinforce conventional wisdom about the low financial burden of
vinyl.
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CHAPTER I:
INTRODUCTION
Towards the end of the twentieth century, concern regarding sustainability and
environmental impact increased, prompting fervent development of sustainable
alternatives to various products, especially in the construction industry. As such,
synthetic alternatives flooded the market, claiming superiority to their historic
counterparts in price, environmental sustainability and ease of maintenance.
Advertisements suggested that these materials were the most beneficial products for both
the environment and the consumer.1 With such competition, advocates of historic
preservation altered their perspective and began using the tools provided by experts in the
field of sustainability to demonstrate that the sustainable approach often coincides with
the preferred methods of historic preservation.2 While the debate regarding historic
preservation’s relationship to sustainability continues, the established methods of
lifecycle cost assessment (LCA) and life cycle cost assessment (LCCA) provide a
quantitative means for demonstrating the overall environmental and economic impacts of
synthetic, traditional and historic materials.3 Although these assessments often quantify
the impacts of whole buildings, smaller scaled assessments provide results for individual

1
Geon Vinyl, “Rigid Vinyl for Building Products,” (Cleveland, OH: B. F. Goodrich), 4.
archive.org (accessed December 15, 2021)

Baird M. Smith and Carle Elefante, “Sustainable Design in Historic Buildings: Foundations and
the Future,” APT Bulletin: The Journal of Preservation Technology, 2009, Vol. 40, No. ¾, Fortieth
Anniversary Issue (2009), 22. JSTOR (accessed March 5, 2022).
2

Andrew Powter and Susan Ross, “Integrating Environmental and Cultural Sustainability for
Heritage Properties,” APT: Bulletin: The Journal of Preservation Technology, 2005, Vol. 36, No. 4,
Sustainability and Preservation (2005), 9-10. JSTOR (accessed March 5, 2022).
3
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materials, which benefits those who are living in, renovating or approving changes to an
historic building.
While there are many varying types of material, one of the most critical aspects of
a building is the envelope, as it encounters the majority of impact from the environment,
and therefore requires continuous upkeep and more frequent replacement than materials
sheltered from the weather. As many historic homes are cladded with wood clapboards,
which experience decay as a result of both the climate and pests, several simulated
materials mimic the appearance of historic clapboards, while allegedly overcoming the
lesser qualities of the historic material. The most related competitor of wood siding is
fiber cement siding, which was developed in the early twentieth century as a fire-proof
substitute to wood. Although initially introduced as a substitute for aluminum siding,
vinyl siding quickly became an inexpensive alternative to either wood or fiber cement.
While there remain other alternatives, these three materials are the main options and there
are no existing direct comparisons between in-situ wood siding, new solid wood, fiber
cement and vinyl.
The following analysis contributes to the evaluation of these cladding alternates
when making choices about preservation interventions. The research consists of
comparing the impacts of retaining historic, in-situ wood siding, and replacing with either
modern wood siding, fiber cement siding or vinyl siding. As a common method of
cladding the exterior of a building, an analysis of the environmental and economic
impacts of this choice affects a wide range of historic structures. Furthermore, its results

2

provide consumers, historic preservationists and contractors with data driven conclusions
regarding the environmental and economic impacts of each type of available siding.
Developed in the 1970s, an LCA quantifies environmental impact through a range
of categories, demonstrating both material and energy-related inputs and chemical and
waste outputs. While there are currently several methods of LCA, one of the most widely
utilized methods follows that of the German Institute of Environmental Sciences (CML).
Therefore, while the three materials in question draw their data from around the world –
vinyl, based on four United States companies; wood, based on one U.S. company and two
Canadian based companies; and HardiePlank, based on German manufacturing – all the
reports follow the standards provided through the German, CML, LCA method. Thus,
despite the difference in global location, the recorded results were obtained through the
same processes and are comparable. Although the reports vary to a degree, each presents
the core categories and share enough of the “additional categories” to provide context for
each materials’ environmental impact. Each category of effect, therefore, is reviewed
within the following study and a conclusion is reached based on the type and amount of
environmental impact.
The conclusions of this thesis demonstrates that, though wood siding has the least
environmental impact, it is not the most economic option for the consumer. Through the
development of life cycle cost assessments (LCCA) for each material, the costs over a
fifty-year period are established, which irrevocably demonstrate that vinyl siding is the
most cost-effective option for a consumer. The initial cost of vinyl siding – installation
over existing siding – are the only costs associated with this plastic option, per the fifty-

3

year lifespan and schedule of maintenance provided by The Vinyl Siding Institute.4 As
wood siding requires a schedule of repainting every five years, it incurs costs more
rapidly than the fiber cement option – which requires painting only every seven years.
Thus, while the installation costs for an acceptable fiber cement option exceed those of
wood siding, over their fifty-year lifespan, wood siding acquires more expenses.5
Furthermore, while in-situ wood siding requires the same five-year regiment of painting,
after fifty years, it does not exceed the costs of fiber cement, though this is due to the
consideration of the effects of inflation. Nevertheless, through these two studies, it is
determined that retaining the in-situ wood siding remains the most sustainable option for
consumers, preservationists and contractors. Therefore, while many preservationists
affirm the sustainability of retaining in-situ material, this thesis provides quantified data
that supports this theory.
TERMINOLOGY
This thesis is a synthesis of established studies, new assessments, and their
relation to the preservation field. It is relatively technical; thus it is necessary to establish
terms and organizations that are crucial to the study. These terms range from the

4
Vinyl Siding Institute, “Environmental Product Declaration: Vinyl Siding Industry Average”
(July 25, 2016), 2. vinylsiding.org (accessed February 13, 2022

Note: While there are many types of fiber cement siding, only a few have been accepted by
historic boards of review, hence the fact that the fiber cement option exceeds the costs of wood in this
study. While the contractor who provided the estimate acknowledged that the option quoted is one of the
most expensive options, it is also the only type approved in the City of Charleston for houses in the historic
district.
5

4

materials that are studied, to the type of processes used for evaluation, and the bodies that
either promote or created them.
Vinyl Siding
Introduced in the 1950s, vinyl siding is the colloquial term for siding made with
Polyvinyl Chloride (PVC). As a purely manmade material, PVC is chemically defined as
C2H3Cl, and “is a vinyl polymer composed of repeating vinyl groups (ethenyls), having
one hydrogen atom replaced by chlorine on alternate carbon atoms per repeat unit.”6
Vinyl siding became a relatively common cladding choice post World War II, and
continues in use to the present. Per the Toxicity of Building Materials, “approximately
80% of PVC siding’s weight is PVC resin, the rest being composed of additives that are
needed for properties like color, opacity, gloss, impact resistance, flexibility, and
durability for the system.”7
Fiber Cement Siding
Introduced in the early 1900s, fiber cement was initially a composite of asbestos
fibers, cement, and water; a non-hazardous formula was developed in the late 1970s and
fiber cement now refers to the composite of cellulose, cement and water. According to
Brian Carroll in his biography of James Hardie Industries Limited, the “cellulose is a
stable polysaccharide,” which is “extracted from radiata pine chips.”8 The fibers create a

G. Akovali, “Plastic Materials: polyvinyl chloride (PVC),” in Toxicity of Building Materials
(Cambridge: Woodhead Publishing Limited, 2012), 2.2.1.
6

Akovali, 2.3.4.

7

Brian Carroll, ‘A Very Good Business’ One hundred years of James Hardie Industries Limited
1888-1988 (Sydney, AU: James Hardie Industries Limited), 220.
8

5

bond akin to reinforced concrete on a micro level, thus producing a product that is
resistant to fire and also durable.
Wood Siding
There are two types of wood siding pertinent to this study, siding hewn from old
growth wood, from which most historic, in-situ siding is processed and siding from new
growth wood, which refers to all modern wood siding. For the purpose of the Lifecycle
Cost Assessment, wood siding refers to western red cedar, which is grown and harvested
in parts of British Columbia, Canada and Washington, United States.
Historic Wood Siding
As historic wood siding consists of clapboards that are made from old-growth
trees, the product is denser than wood new growth – the typical profile of old-growth
piece of lumber shows tight, consistent rings, which demonstrates its slow growth. The
composition of old growth ensures its longevity as a material, as it is less pervious to
weathering and is stronger overall than new-growth wood. Furthermore, the process for
forming historic wood siding included either riving or radially sawing the clapboards,
both processes occurring along the graining, which ensures a more durable product that
does not split or warp easily.9 As demonstrated by many historic structures, historic
wood siding made from old-growth wood can last two-hundred years or longer with
proper maintenance.

9
James L. Garvin, A Building History of Northern New England (Hanover and London: University
Press of New England, 2001), 34.

6

Traditional (New) Wood Siding
New-growth wood is softer than its predecessor, seen by the thick, irregular rings
of its profile. As such, it is more susceptible to weathering, rot and damage from pests.
Additionally, clapboards from new-growth wood are primarily cut with band saws, thus
the graining is not followed, resulting in material that splits and warps with changes in
climate.10 New-growth wood siding requires more frequent replacement due to these
factors of its composition.
In-Kind Replacement
While best practice within preservation is repair of existing materials, per “The
Secretary of the Interior’s Standards for the Treatment of Historic Properties with
Guidelines for Preserving, Rehabilitating, Restoring & Reconstructing Historic
Buildings,” replacement in-kind is an accepted alternate, with the caveat that it is only to
be performed in instances where material cannot be repaired.11 Such instances occur
when a material no longer functions as it ought and repair is impossible; when this
occurs, only that failed section is removed, delicately, to ensure that the acceptable in-situ
material remains, and that section is replaced with a material that is alike in as many
characteristics as possible, i.e., an historic cedar siding, usually saved from a remodel or
demolition of a historic structure, replaces a failed historic cedar siding. Such practice

Garvin, 34.

10

Kay D. Weeks and Anne E. Grimmer, “The Secretary of the Interior’s Standards for the
Treatment of Historic Properties with Guidelines for Preserving, Rehabilitating, Restoring &
Reconstructing Historic Buildings” (Washington, DC: U.S. Department of the Interior National Park
Service Technical Preservation Service, 2017), 30.
11
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ensures that the replacement does not affect the overall building any differently, as
replacement of historic materials with modern materials often negates the efficacy of the
remaining historic elements, which ultimately causes a wider range of failure.
Lifecycle Cost Assessment (LCA)
In an attempt to quantify the environmental impact of a product over its lifetime,
scientists developed Lifecycle Cost Assessments (LCA). The study began in the 1970s as
a response to an increase in production waste as well as the realization that resources
were finite.12 The fifty years following resulted in the refinement of the study, as well as
discovering its limitations and reinforcing a global standard. The International
Organization for Standardization (ISO) established the standards for LCAs through
Standards 14040 (Environmental Management – Life Cycle Assessment – Principles and
Framework) and 14044 (Environmental Management – Life Cycle Assessment –
Requirements and Guidelines), both of which were most recently updated in 2006.1314
The 2014 work, Life Cycle Assessment (LCA): A Guide to Best Practice, written by
professors Walter Klöpffer and Birgit Grahl, defines an LCA within their introduction to
the study, stating “in the introductory part of international standard ISO 14040 serving as
a framework, LCA has been deﬁned as follows: LCA studies the environmental aspects

12
Walter Klöpffer and Birgit Grahl, Life Cycle Assessment (LCA): A Guide to Best Practice, First
Edition (Weinheim, Germany: John Wiley and Sons, Inc., 2014), ProQuest Ebook Central,
http://ebookcentral.proquest.com/lib/clemson/detail.action?docID=1658826 (accessed December 12,
2021.), 7.

“ISO 14040:2006.” iso.org (accessed December 13, 2021)

13

“ISO 14044:2006.” iso.org (accessed December 13, 2021)

14

8

and potential impacts throughout a product’s life (i.e. cradle-to-grave) from raw material
acquisition through production, use and disposal. The general categories of
environmental impacts needing consideration include resource use, human health, and
ecological consequences.”15 A complete LCA includes the methods, which often
provides the source of data, scope, determining the quantity of material on which the
results report as well as the parameters of cradle-to-grave, or cradle-to-gate, and final
results. Thus, LCAs provide a quantitative measure for the overall environmental effects
generated by each aspect of a product’s lifespan.
Environmental Product Declaration (EPD)
While the LCA is an extensive report that includes propriety information, an
Environmental Product Declaration (EPD) is “an independently verified and registered
document that communicates transparent and comparable information about the life-cycle
environmental impact of products in a credible way.”16 In instances where the majority of
information collected by an LCA is propriety, companies will release an EPD, as it relays
all the necessary results, without betraying any of the company’s propriety methods or
information. As such, the section of an LCA that simply conveys the results of the study
is often titled “EPD.” Furthermore, EPDs follows the standards set by ISO 14025.17

Klöpffer and Grahl, 1.

15

EPD. “Type III Environmental Declaration (ISO 14025),” https://www.environdec.com/allabout-epds/the-epd (accessed February 12, 2022)
16

Ibid.

17

9

Life Cycle Cost Assessment (LCCA)
Not to be confused with the Lifecycle Cost Assessment (LCA), the Life Cycle
Cost Assessment (LCCA) quantifies economic costs from initial purchase of product to
end of life. According to Stanford’s Guidelines for Life Cycle Cost Analysis, “LCCA is a
process of evaluating the economic performance of a building over its entire life…LCCA
balances initial monetary investment with the long-term expense of owning and operating
the building.”18 While this is often used for whole buildings or projects, it is easily
adjusted to measure the financial costs over time of individual products, and per The
Mechanical and Electrical Systems in Buildings, it is “generally done to evaluate
alternative options.”19 Thus, LCCAs provide an established method by which present
and future costs are determined and analyzed.
Embodied Energy
A term used frequently with regards to current buildings, embodied energy is
understood as “energy used directly and indirectly in raw material acquisition, production
of materials, and the assemblage of those materials into a building.”20 Thus, embodied
energy is the amount of energy within materials and buildings, quantifying the energy
that was used to create them.

18
Stanford University Land and Buildings, Guidelines for Life Cycle Cost Analysis, (October
2005), 3. stanford.edu (accessed August 10, 2021).

Richard R. Janis, William K. Y. Tao, Mechanical and Electrical Systems in Buildings: Sixth
Edition (New York, NY: Pearson Education, Inc., 2019), 509.
19

Jean Carron, Sustainable Preservation: Greening Existing Buildings (Hoboken, NJ: John Wiley
& Sons, Inc., 2010), 7.
20
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USGBC
The United States Green Building Council (USGBC) started in the 1990s and is
mostly well known for developing the LEED standard and certification. Per their
website, the mission statement of the USGBC is as follows:
“We're committed to transforming how our buildings are designed, constructed
and operated through LEED, because we believe that every person deserves a
better, more sustainable life.
Our vision is that buildings and communities will regenerate and sustain
the health and vitality of all life within a generation. Our mission is to transform
the way buildings and communities are designed, built and operated, enabling an
environmentally and socially responsible, healthy, and prosperous environment
that improves the quality of life.”21
Many companies cite the USGBC when making a case for the sustainability of their
products.
LEED
Leadership in Energy and Environmental Design (LEED) is a rating system used
globally to assess the sustainability of a building, this is often applied to both retrofits and
new construction.22 LEED provides a separate rating systems for residential homes,
cities and existing buildings. Unlike an LCA or LCCA, which measures the product’s
impact over a lifespan, the LEED system rates different options for an individual phase of
a building’s life cycle. In a 2008 lecture at the APT (Association for Preservation
Technology) conference, May Cassar, a professor at and director of the Institute for
Sustainable Heritage at University College London, commented, “LEED focuses on
U.S. Green Building Council, “Our Values: Mission and Vision,” usgbc.org (accessed December

21

13, 2021)

U.S. Green Building Council, “Value of LEED,” usgbc.org (accessed December 13, 2021).

22
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matters relating to environmental sustainability to the exclusion on social and economic
sustainability; thus LEED cannot be considered a holistic sustainability tool.”23
BEES
Building for Environmental and Economical Sustainability (BEES) is a software
developed and acknowledged by the Engineering Laboratory of the National Institute of
Standards and Technology (NIST) that uses both the ASTM standards of a material and
the guidelines provided by the ISO Standard 14040 in order to determine the
environmental effect of a material. NIST’s website states “all stages in the life of a
product are analyzed: raw material acquisition, manufacture, transportation, installation,
use, and recycling and waste management.”24 While it claims to quantify both
environmental and economic effects, it is most often used for environmental studies,
particularly by manufacturing companies.
HISTORY OF BUILDING MATERIAL: WOOD, FIBER CEMENT AND VINYL SIDING
To compare these materials as environmental and economic investments, the
history of each material provides context for its development and provides insight into
the general public opinion regarding the alternatives. Clapboard siding remains a
widespread method of exterior cladding within the continental United States of America,
however, its materiality has adjusted over time. When the English colonies began in New

May Cassar, “Sustainable Heritage: Challenged and Strategies for the Twenty-First Century,”
APT Bulletin: The Journal of Preservation Technology, 2009, Vol. 40. No. 1 (2009), 5. JSTOR (accessed
March 5, 2022).
23

24
National Institute of Standards and Technology, “BEES,” https://www.nist.gov/servicesresources/software/bees (accessed December 13, 2021).
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England, wood was hand split and then planed to provide even boards for cladding. This
method evolved with changing technologies. Fiber cement siding began development in
the early twentieth century, an early synthetic competitor of wood. This fiber cement
board utilized asbestos until the safer alternative of cellulose fibers was discovered in the
late twentieth century. Since then, fiber cement siding provides a durable and mostly
non-toxic composite version of clapboard. As the call for cheap and advanced
alternatives continued in the twentieth century, vinyl siding was introduced in the 1950s.
Over the past half-century, vinyl cladding has increased in popular use, due to its overall
costs and maintenance. Beginning in 1994, the U.S. Department of Housing and Urban
Development conducts an annual survey of primary siding material of new, single-family
houses sold, which demonstrates that since 1994, siding – which includes brick, stucco
and an “other” category – trends have vastly changed against wood siding.25 Where in
1994, wood consisted of twenty-six percent (26%) of siding on new houses sold, vinyl
was twenty-four percent (24%) and fiber cement was not provided with a percentage, the
remaining fifty percent (50%) consisted of stucco (20%), brick (20%) and other (10%).26
Twenty-six years later, in the 2020 report, wood consists of two percent (2.3%) of new
builds, with both vinyl and fiber cement at twenty-two percent (22%); the remaining
fifty-four percent (54%) consisting of stucco (30.4%), brick (22%) and other (1.3%).27
Thus, vinyl and fiber cement have quickly overtaken wood in popular use. Although

U.S. Department of Housing and Urban Development, “Primary Type of Exterior Wall Material
of New Single-Family Houses Sold,” (2020). census.gov (accessed March 16, 2022)
25

Ibid.

26

Ibid.

27
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these are only three of the clapboard options on today’s market, as demonstrated by these
survey numbers, wood, fiber cement and vinyl are the most common options used by
homeowners and contractors
Although its use dwindles as the availability of synthetic options increase, wood
remains the oldest continuous material of clapboard-type siding. While an exact date for
this material remains unknown, it came to the United States of America with the colonies,
appearing in the seventeenth century as untreated or unpainted wood weatherboards,
horizontally attached.28 While New Englanders utilized both oak and pine for their
clapboards, pine was more common, as it was more easily split.29 Clapboard production
included hand splitting the entire length of a log, which was then planed along its surface
with the occasional beading via a molding plane.30 When circular saw mills first began
commercial production in the 1820s and 1830s, clapboards became one of their principal
goods, thus, since the early nineteenth century, clapboard production utilized advancing
technology.31 This trajectory continued as demonstrated in the 1856 Scientific American,
where, under “New Inventions,” an engraved illustration of a “Machine for Sawing Laths
and Clapboards” accompanied an explanation of its mechanics as well as its operation,
Figure 1.1.32
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Figure 1.1. "Machine for Sawing Laths and Clapboards."

While the mills for clapboard manufacturing continue improving their methods,
its production has largely remained the same since the nineteenth century. Although the
production became more streamlined, the newer techniques for milling clapboards often
result in products that bow or split, as they no longer follow the grain as employed by
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older methods.33 Furthermore, as old-growth wood has tighter rings and is more weather
resistant than new-growth wood, modern products do not weather as well as previous,
now historic, iterations.
While wood is a naturally occurring material used for siding, fiber cement is a
composite material, manufactured with concrete, water, and fiber – the exact ratio
remains proprietary. At its inception in the early 1910s, asbestos was the fiber of choice,
as its durable qualities made it ideal as a binder and it proved fire resistant. Despite the
known harms produced by asbestos, it continued in use until the late 1970s, when an
alternative was discovered that did not disrupt the chemistry required in the cement
board’s curing.34 Thus, fiber cement boards are created with a many-stepped process,
requiring the refinement of cellulose pulp, which is then mixed with cement, water and
either fly ash or sand.35 The resulting slurry undergoes a process whereby it is spread out
into a sheet, the excess water squeezed out, the desired look is stamped into it and finally
the boards are cut. Each manufacturer has its own methods and mixture. While not as
durable as the asbestos-based fiber cement boards, this current iteration remains one of
the most durable clapboard style alternatives.
Following the space age, vinyl siding provided a new means of cladding, which
reflected the public’s interest in sleek advances in technology for their home. While
vinyl began in 1950s Ohio, it quickly spread throughout the east coast with promises of a
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durable, easy to maintain, and aesthetically pleasing alternative to traditional
clapboarding methods. Vinyl siding, ultimately, is made from polyvinyl chloride (PVC),
thus it is a thermoplastic composed of predominately chlorine with ethylenes and
polymers.36 The production of polyvinyl chloride consists of five steps “(1.) Ethylene
(C2H4) and chlorine gas production; (2.) Vinyl chloride monomer (VCM) production;
(3.) Polymerization of VCM into polymer, (4.) Formulation of polymer product with
additives; and (5.) Direct molding or end product processing.”37 Vinyl siding only
contains eighty percent (80%) of PVC, while the remaining twenty percent (20%)
consists of additives that provide color, durability and UV protection, all of which are
molded into the desired siding form.38 Throughout the course of its use, vinyl siding has
drastically improved in both material strength and environmental impact. Nevertheless,
vinyl siding is still pervious to the climate, as it deteriorates faster in colder and polluted
areas.39 As a synthetic alternative to clapboard siding, vinyl siding has evolved with
changes in both consumer and environmental expectations. It provides an inexpensive
alternative, in a variety of aesthetic options, which ensures its commercial success.
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PUBLIC PERCEPTION OF MATERIAL: A MOVEMENT TOWARDS SUSTAINABILITY
With the ever-increasing demand for sustainability, synthetic siding, such as fibercement and vinyl, have evolved with the times visibly, in their advertising. The
following review of advertisements over time reveals trends of increased promotion of
recycling and energy efficiency in the materials’ composition, as well as adjusting
hazardous processes and ingredients. This shift is reflected in the presentation of the
materials by manufacturers, as seen through a chronology of advertisements. Up to the
turn of the century, an individual company could claim that their product provided the
most environmentally and economically sustainable option with a simple statement.
Consumers have grown more discerning over time, and these advertising claims currently
require proof in the form of data. To investigate the rhetoric from manufacturers, the
environmental and economic impact of each material – in-situ wood siding, traditional
wood siding, vinyl siding and fiber cement siding – is quantified and compared.
In summation, the findings from this review of the manufacturing literature
demonstrate common themes and trajectories. Within the last decade, corporations
adjusted their marketing to provide consumers with graphs and flow charts that
occasionally read as mere platitudes, while other times informing the potential buyer with
genuine information. Fiber-cement companies emphasize the low-toxicity of their
products, as the asbestos crisis remains in the not-so-distant past, while vinyl companies
staunchly protest anti-plastic movements. Although plastic continues to dominate the
manufacturing industry, vinyl companies consistently release lifecycle cost assessments
of their products, in response to the international rejection of plastics. Throughout this,
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lumber mills continue to do as they have – not much. They neither advertise, nor do they
promote their material though noticeable means. Yet, wood siding no longer functions as
it did even a century ago – as new-growth lumber replaced old-growth. This new-growth
siding requires more frequent maintenance and even replacement, as it is not as durable.
In order to sell a product, implementation of effective marketing strategies is
crucial, thus advertisements present the face of a product and affects the public
perception of that material. Newspapers and magazines advertise a product in two
specific ways, either as sponsored advertisements developed by the manufacturers or as a
journalist’s opinion of different materials, how they are employed and the contact
information of suppliers. The descriptions of material highlight the individual benefits,
often reflecting the overarching cultural demands of the time. Advertisements for the
simulated materials of fiber cement board and vinyl siding follow a pattern of innovation,
durability, health and safety, and energy efficiency, with the common thread of
economics. This pattern is demonstrative of the fascination with the new, moving into
the desire for a long-lasting material, then the response of fabricators to fears of public
health issues from the chemical makeup of materials, and finally the demand for
sustainable resources. Although the simulated materials experienced an evolution in their
presentation, wood siding did not. Until recently, the sustainability of wood was not
contested and lumber mills merely acknowledged their product as a staple in building
construction. Though the movement towards sustainability in construction occurred
throughout the United States, the advertisements in this study were limited to those taken
from South Carolina newspapers, in order to keep a consistent target audience. Two
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online archives were utilized during the research of the material advertisements. The
primary location used was newspapers.com, an online archive of historic and recent
newspapers, providing newspapers advertisements from around the continental United
States, while the Library of Congress online archive (loc.gov) provided additional
resources, mostly consisting of nineteenth century newspapers and mid-twentieth century
catalogs of the synthetic materials. This selection of advertisements demonstrates the
natural shift towards sustainability that each material experienced, as well as the
measures each manufacturer took to ensure public awareness of the changes.
Fiber-cement siding has a sordid past, due to its initial use of asbestos as the
fibrous binder for the cement boards and the lawsuits that eventually occurred, however,
as technology advanced, the hazardous fibers were exchanged with cellulous and
fabricators changed their presentation of the material. Although South Carolina
newspapers included advertisements for asbestos cement siding as early as 1912, the
qualities of the material were not discussed until the 1930s, which emphasized its natural
“fireproof” characteristic.40 An article in a 1936 newspaper described asbestos as easy to
install, color-fast and proclaimed that “asbestos siding is fireproof and practically
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indestructible.”41 As other simulated materials
entered the market, the manufacturers adjusted
their advertisements to reflect their legacy and
the satisfaction of their consumers.42 Five
decades of advertisements lauded asbestos
siding for its durability, variety of color, rot,
termite, and fire proof nature, yet the dangers of
asbestos remained undisclosed. Although not
an advertisement, a 1960 article run by The
State describes methods of asbestos removal
stating, “sacrifice the bottom row of siding and
break these off by striking them with a
hammer.”43 This notably demonstrates how
oblivious many were to the dangers of breaking
asbestos board and resulting release of asbestos

Figure 1.2. 1939 Advertisement for Asbestos
Siding.

fibers. These advertisements and instructions continued until the late 1980s, when
asbestos materials became illegal and advertisements shifted to asbestos abatement.
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Although many in
the industry were aware
of the hazardous nature of
asbestos, the major
manufacturers of asbestos
siding continued
production until the late
1970s, as a nonhazardous replacement
for asbestos fibers was
under development. In

Figure 1.3. 1952 Advertisement for Asbestos Siding.

1887, James Hardie Industries Limited commissioned the work, ‘A Very Good Business’
One hundred years of James Hardie Industries Limited 1888-1988, which catalogued the
Australia-based fiber cement company’s global industry. The timing of publication was
calculated, as it coincided with worldwide lawsuits and an expansion of asbestos
abatement practices.44 This work mitigates accountability, by portraying James Hardie
Industries as pioneers towards natural fibers, writing “in the early 1970s, Hardie set out to
progressively reduce the asbestos content of their [fiber] cement sheets to zero.”45 Thus,
Hardie is attributed with the invention of the plant-based fiber that, while not the same,
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but passable in strength to asbestos, was non-hazardous and produced from the cellulose
within the pulp of radiata pine chips.46 With this discovery, asbestos plants changed the
fabrication process and an era of health-and-safety-focused advertisements entered
marketing stratagem.
Although asbestos siding advertisements vanished by 1989, non-asbestos siding
advertisements immediately replaced them. While most of these advertisements are from
places outside of South Carolina, non-asbestos advertisements arrived post Hurricane
Hugo, “a quality manufacturer of non-asbestos, fiber cement roofing shingles, building
panels and siding products…is offering special discounts to its distributers in areas
affected by Hurricane Hugo. It’s our way of helping Columbia and the Carolinas
rebuild.”47 Within a
decade, fiber cement
siding manufacturers no
longer advertised through
newspapers; instead,
newspapers ran articles
comparing difference
materials.48 Despite this,

Figure 1.4. 1989 Response to Hurricane Hugo.
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fiber cement siding received praise from journalists who extolled, “Among the many
advantages of fiber cement siding are that it won’t warp, twist or melt or burn, and in
contrast to natural wood, is pest-resistant... Also, fiber cement is more impact-resistant
than aluminum, steel or vinyl.”49 Other accolades appear in the newspaper from firefighters, one such quote from assistant fire chief Jim Wheeler claims “the fiber cement
siding did not allow
the passage of fire,
and it did not break
apart and fall
away.”50 This
particular article also
quotes Freddy
Scharf, technical
service manager of
the James Hardie
Building Products,
and includes the
contact information
for purchasing their

Figure 1.5. 2000 Article regarding fiber cement's increased success as a
cladding method.
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products.51 As mention of fiber cement siding in newspapers moved to third party
evaluations, manufacturers shifted to online formats and brochures. A 2015 brochure
from the James Hardie Building Company emphasizes their commitment to sustainability
in manufacturing, while maintaining the physical components of the product that made
them internationally renowned.52 Throughout the century of advertisements for fiber
cement siding, the product consistently obliges the cultural trends and concerns of the
time, most recently presenting its sustainability.
While fiber cement products
were introduced to the market prior to
the post World War II expectation of
unique and informative advertisements,
vinyl siding entered the market in the
1950’s and was quickly presented as
the siding of the future. While it was

Figure 1.6. Earliest located instance of a vinyl siding
advertisement in the newspaper, The Akron Beacon
Journal, May 19, 1959.

not advertised in South Carolina newspapers until the 1960s, newspapers from Ohio
newspapers began advertising vinyl siding as early as 1959.53 By the time vinyl
advertisements graced South Carolina newspapers, vinyl siding had been available for
only half a decade and advertisers promoted the convenience of the product. Throughout
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South Carolina, advertisements declared
vinyl was “a siding that is 40 time thicker
than a painted surface and solid color
through-and-through” and promised that it
would never show dirt, that it was
fireproof, dentproof and did not expand or
contrast with temperature.54 Per these
advertisements, it seemed vinyl siding
produced a miracle for homeowners.
Other advertisements throughout South
Carolina professed similar results;
describing a material that once installed
needed no further interference.
Durability and cost efficiency were
the focus of advertisements within the
1970’s. Manufacturers capitalized on the
consumers desire to save money, setting up

Figure 1.7. 1966 Advertisement for vinyl.

question-and-answer style articles, where their products prove economically superior to
similar products on the market.55 One informative Michigan advertisement proclaimed
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that, in addition to its resemblance to historic clapboards of the area and its variety of
colors, vinyl “never needs painting, carries a limited manufacturer’s warranty against
defects for 20 years, won’t ever rust, corrode, or encourage termites.”56 With the success
of marketing in the 1960s, vinyl continued down the same vein – only more memorable –
filling newspapers with the slogan, “Vinyl is Final!”57 As this particular advertisement
was published in the late 1977, when environmental factors were being addresses in
buildings, it also promises that vinyl “looks good and saves energy,” however, the
advertisement does not detail how it fulfills this.58 The professed energy efficiency of
vinyl siding was further elaborated in the 1980s, as manufacturers declared that vinyl’s
plastic composition reduced conductivity and that vinyl siding “conserves energy by
providing 24.8 percent greater insulation against heat and cold, compared to aluminum

Figure 1.8. 1979 Advertisement for Vinyl.
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56

2021).

“The Perfect Siding. Vinyl by Mastic.,” The Times and Democrat, August 21, 1977.
Newspapers.com (accessed September 30, 2021).
57

Ibid.

58

27

and steel siding.”59 As the industry moved into the twenty-first century, sustainability
became expected of building materials and manufacturers followed the route of fiber
cement siding, by producing brochures that explain the company’s rigid adherence to
sustainable practices, while cataloging the various products they carry.60 Thus, by the
end of the twentieth century, vinyl siding was advertised as the most durable, hassle free
and energy efficient siding on the market.
Although wood siding remains the oldest clapboard-style cladding on the market,
it did not compete with other products at its beginning and therefore did not experience
an evolution of advertisements. There was no need to create catch phrases or praise its
efficiency because by the inception of these marketing strategies, wood clapboard was an
established method of cladding. Moreover, the simulated materials were competing with
wood siding, and thus advertisements often emphasized the ways in which their products
overcame common qualms with wood – such a rot or constant maintenance. Once the
competitors of wood were established in the market as successful alternatives, wood
siding was acknowledged by newspapers in their articles comparing the different means
of siding a house. An article, initially published by The Associated Press and reprinted in
several newspapers throughout the 1990s, denotes wood as the material choice of
traditionalists, but admits that proper care of the material provides a durable and beautiful
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cladding option.61 The article provides further analysis by comparing the various types,
styles and even grades of wood that are available on the market, with the caveat that
wood is the most expensive option to purchase and maintain.62 Other articles treat wood
in a similar manner, determining it an expensive investment, but durable when
maintained and beautiful.
Any advertisement, or discussion by the manufacturers, present their material as
the most cost-effective, the most durable, the most aesthetic. They regard the material in
absolutes and rarely, if ever, mention flaws. Both of the synthetic materials are presented
first by their innovation, as the new and modern building material; then by the qualities
that most effect the consumer, e.g., price and durability; and lastly by their sustainability
and aesthetic quality. This demonstrates the trends of the public, as advertisements
reflect public demand.
HYPOTHETICAL CASE STUDY
While this study is applicable to new construction, in terms of a comparison
between wood, fiber cement and vinyl, its purpose is to determine the most sustainable
option for addressing the siding of historic structures. Although this does not necessarily
require a case study for the LCAs, as LCAs simply determine the environmental effects
from cradle to grave of an individual material, an accurate LCCA requires a case study,
on which estimates are based. In other words, a true LCCA requires a project building,
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so that the estimates are effectively compared. In order to establish a baseline for repair
of in-situ siding, the case study must be a historic structure with historic siding, thus, this
thesis uses the mid-eighteenth-century house at 22 Legare Street in Charleston, South
Carolina as the case study. Restoration of the house completed in 2021; thus, plans were
easily accessible and the contractor who performed the work was available for comment.
The plans provide surface area of the exterior, which provide estimators with necessary
information in order to provide an accurate estimate for the work of replacing or
maintaining the siding. Furthermore, the premise of the LCCA revolves around the case
where, in 2022, the siding at 22 Legare Street requires maintenance. For this case, the
maintenance is painting, aligning with the cyclical five-year repainting of in-situ wood
siding, without lead abatement. Rather than simply repaint as usual, the owner
commissions an LCCA to determine the most financially sustainable option, thus, the
costs are determined from the perspective that some form of maintenance occurs, and the
results of the LCCA may sway the owner to merely repaint, or to replace. The details
regarding the siding required and the methods of obtaining this information are included
within the Data and Analysis chapter of this thesis.
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Figure 1.9. 22 Legare Street, Charleston, SC, on February 26, 2022. (Photograph by Author)
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CHAPTER II:
LITERATURE REVIEW
With the proliferation of simulated siding in the physical world came an array of
debate regarding the products. Historic preservationists initially rejected their use in
preservation practice, as it deviates from both historic techniques and the principle of inkind replacement and often muddles this historic integrity of historic properties.
However, as traditional materials and methods became more difficult to procure,
allowances were made, particularly in instances of sustainability. While initial discussion
regarding substitute materials and sustainability began in the late 1970s, a metric with
objective data – particularly through lifecycle cost assessments – were not applied to the
historic preservation industry until the mid-2000s. However, once preservationists
recognized the ally within lifecycle cost assessments, both acting professionals and
graduate students implemented this metric to reinforce historic preservation’s
compatibility with sustainability, examples of which are discussed further in this
Literature Review chapter. These LCAs focused on in-situ buildings as a whole, and
rarely individual materials. Although integrity compels in-kind replacement rather than
substitution, the National Parks Service occasionally adjusts their standards to reflect new
materials and environmental requirements.
The argument over which material is most economically and environmentally
sustainable began almost as soon as a simulated material entered the market, yet it is
rarely entertained through the lens of historic preservation. Ideally, historic preservation
practice maintains the physical integrity of a building through repairing the material or
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simply replacing in-kind, however, as building technologies and material fabrication
adjusts to modernity, preservation practice developed standards for compromise. With
changing standards and technologies, the National Park Service (NPS) published
preservation briefs addressing substitute materials – providing a precedence for instances
where neither repair nor replace in-kind is feasible – and evolving environmental
requirements. The most notable instance of compromise was published in 1988 under
Preservation Brief 16, “The Use of Substitute Materials on Historic Building Exteriors,”
which evaluates various substitute materials, their implementation and success.63
Although this Brief allows substitutions in material, it recommends traditional
preservation methods.64 Additionally, Preservation Brief 8, published in 1979 –
“Aluminum and Vinyl Siding on Historic Buildings: The Appropriateness of Substitute
Materials for Resurfacing Historic Wood Frame Buildings” – rejects substitution of wood
siding with vinyl, stating “these concerns include the potential of damaging or destroying
historic material and features; the potential of obscuring historic material and features;
and, most important, the potential of diminishing the historic character of the building.”65
However, the historic preservation field is consistently evolving its practices, especially
with the increase in sustainability. Notably, in 2011, NPS published Preservation Brief 3
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“Improving Energy Efficiency in Historic Buildings,” which built upon the concepts of
embodied energy within historic structures, as well as presenting methods for energy
efficiency with minimal changes to the integrity of the building.66 Therefore, throughout
the past five decades, the National Parks Service established an evolving standard, that
adjusts with new information, or accepts replacements on a case-by-case basis.
QUANTIFYING COSTS THROUGH LCAS AND LCCAS
As demand for sustainability increases, the historic preservation field adapts,
continuously adopting sustainable methods of restoration and developing an
understanding of the embodied energy of historic buildings. This convergence of historic
preservation and sustainability is a relatively recent phenomenon, as the literature and
practice became established in the twenty-first century. The concept of embodied energy
of buildings and materials emerged in the late 1970s and was refined by Mike Jackson’s
“Embodied Energy and Historic Preservation: A Needed Reassessment” in 2005.
Jackson first addresses the flaws of the 1970s study, both general concerns and specific
examples, such as the embodied energy attributed to stone.67 With his apprehensions
presented, Jackson expands on embodied energy’s potential service in the preservation
industry, as it substantiates the sustainability of leaving historic buildings in situ.68
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Although initial reports regarding the use of embodied energy in the historic preservation
field began through federal institutions, this method gained traction in the early 2000s as
active preservationists began applying it to their practice.
While the theory of embodied energy supported early sustainable historic
preservation practices, the sustainability of in-situ materials was further understood
through the application of lifecycle cost assessments. Preservation architect, Barbara A.
Campagna and Patrice Frey authored “The Impact of Evolving LEED Standards on
Historic Preservation Projects,” which discusses the compatibility of historic preservation
with sustainability. This compatibility originated from the sustainability program
instituted by the National Trust for Historic Preservation, which “is guided by the four
core principles of sustainable stewardship: reuse of older and historic buildings,
reinvestment in our existing communities, green retrofits of older and historic buildings
to conserve energy, and respect for our heritage buildings.”69 Although many historic
preservation projects apply LEED successfully, the article explains that LEED standards
considered neither embodied energy nor the “advantaged of many traditional building
practices.”70 In response, the Sustainable Preservation Coalition – founded in 2006 –
sought to resolve this disparity for future LEED standards.71 Thus, the union of historic
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preservation and sustainability moved towards a viable option, rather than an
inconvenience.
Through the efforts of the coalition with the United States Green Building
Council (USGBC), a metric was developed to assess the inherent sustainability of historic
buildings, utilizing both scientific data – through lifecycle cost assessments (LCA) – and
cultural value.72 With these metrics approved, historic preservationists and preservation
architects are able quantify the sustainability of historic buildings using scientific data
through four methods of LCA: Reduced Carbon Footprint – Construction Process;
Reduced Carbon Footprint – Operations and Livability; Durability; and Life Cycle
Flexibility.73 These four methods allowed the evaluation of both entire buildings and
individual materials, which assists in understanding the environmental impact of both
large and small scale historic preservation projects. Post 2006, preservation architects
and students of historic preservation refined the lifecycle cost assessments, reflecting
their specific need.
Although a relatively new field of historic preservation, determining sustainability
through lifecycle cost assessments has gained traction with many individuals within the
field. Mike Jackson followed his 2005 article with a work in 2011 that assessed the
contribution of the LCA to historic preservation.74 Similarly, preservation architects John
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H. Cluver and Brad Randall applied the lifecycle cost assessment to economic concerns
as well as environmental ones, demonstrating the variety of applications that LCAs have
in the preservation industry.75 Furthermore, in 2011 Patrice Frey – while acting as the
Director of Sustainability for the National Trust for Historic Preservation – headed a
report through Preservation Green Lab entitled “The Greenest Building: Quantifying the
Environmental Value of Building Reuse,” which utilized a wide range of case studies to
generate lifecycle cost assessments of historic properties and further promote their use in
evaluating sustainability.76 Thus, through the use of lifecycle cost assessments, the
preservation industry strives for maintaining integrity of historic buildings without
sacrificing environmental respect.
Although many professionals in the historic preservation field utilize lifecycle
cost assessments to support LEED compliance and the sustainability of reuse, the LCA
method was utilized in many other industries to measure environmental effect. Lifecycle
cost assessments were introduced in the late 1970s, as a means of quantifying energy
consumption for use by both the public and private. This coincided with the development
of the life cycle cost assessment (LCCA), which has a similar methodology, but
quantifies the economic costs over time of a subject; this method was presented as a way
to instigate the consumer into investing in products that conserve energy through the
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benefit of saving money over time.77 Although both assessments provide crucial
information, consumers prefer knowing the results of LCCAs, while manufacturers and
regulators focus on the results of the LCAs – the former in order to comply, the latter to
enforce compliance.78 Throughout the decades following their introduction, the
methodologies for both lifecycle cost and life cycle cost assessments were refined and
implemented in various studies.
For instance, a study published in 2017 utilized a lifecycle cost assessment to
determine the environmental effects of building in Nepal. This study evaluated the
environmental impact of importing goods for new construction compared to using native
materials as traditional building methods dictated; the study also considered the energy
performance of traditional, modern and combination buildings.79 The authors, Silu
Bhochhibhoya, Michela Zanetti, Francesca Pierobon, Paola Gatto, Ramesh Kumar
Maskey and Raffaele Cavalli, succinctly compared the several facets of the two buildings
in the scenario of the study and provided a peer-reviewed resource for future, sustainable
development within Nepal80 A 2012 report from the University of Palermo, Italy, used
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an LCA for an existing building, but refined their report by analyzing their data against
the life cycle inventory (LCI) and a life cycle impact assessment (LCIA).81 Due to the
versatility of lifecycle cost assessments, this method is implemented globally, as a means
of determining the environmental effect of new development and rehabilitation.
Furthermore, lifecycle cost assessments are easily reformatted to include more casespecific elements, in order to address individual needs.
While the process of developing an LCA requires in-depth knowledge of
scientific methods and data from manufacturers, their suppliers and the consumers,
German professors, Dr. Walter Klöpffer and Dr. Birgit Grahl, published an extensive
work on LCAs in 2014. This work was developed over the course of their careers, based
on lectures and personal experience with these types of assessments, with the objective of
portraying LCA through layman’s terms, thus broadening the impact that an LCA may
have on the public.82 Throughout the five chapters, Klöpffer and Grahl synthesize the
purpose of an LCA, how this study developed over time, implications, methods and
possible inaccuracies within the study.83 While this work provides guidance for
developing LCAs, it also provides a framework by which LCA are weighed and
measured, by which the accuracy of particular studies are evaluated. Thus, this work will
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provide insight into reading the LCAs necessary for the proposed study and will assist in
the evaluation of each LCA reviewed.
Life cycle cost assessments assist in evaluating environmental impact of both
individual materials and entire buildings, which provide necessary guidance for
sustainable actions within many industries, however, such studies do not engage with
consumers as well as life cycle cost assessments, because people respond to personal
finances more readily than environmental impact. This was the concern of many critics
of lifecycle cost assessments, as they did not believe consumers would be motivated
towards products based on environmental cost alone.84 Thus, in order to affect change
and inspire sustainable practices, it is not enough to demonstrate environmental impact,
but also demonstrate was is most financially sustainable over time. In 2005, Stanford
University released the “Guidelines for Life Cycle Cost Analysis,” which uses the case
study of buildings on campus to demonstrate the methods and benefit of LCCAs.85 The
guideline offers steps for both data collection and analysis, including formulae to provide
exact numbers and examples of graphs that exhibit the LCCAs results.86 By providing
accurate financial costs over time, life cycle cost assessments empower consumers with
data that promotes investment over bargains. Goods of quality require less replacement,
which prevents undue waste and is thus more sustainable.
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Although both LCAs and LCCAs promote sustainable practices, they support
different approaches, as one synthesizes the environmental effects, while the other
demonstrates financial costs over time. As both serve their intention well, historic
preservation should consider both assessments when evaluating materials and their
alternatives. In the context of historic preservation, an LCA determines the
environmental impact of replacement and repair of materials, while an LCCA explains
the financial undertaking of the two options. While repair, or replacement in-kind, is the
desired route of every preservationist, these methods are becoming less feasible; thus,
integrity and sustainability and accessible in terms of availability and cost must be
reconciled.
SCIENTIFIC RESOURCES
The scientific literature regarding fiber-cement, vinyl and wood siding
emphasizes their physical composition and environmental effects. From their respective
invention until present day, simulated material continues to undergo constant adjustments
to its physical composition. Though this usually stems from the manufacturer attempting
to create a better product, for both manufacturer and consumer, the cause is occasionally
an irreversible issue that requires intensive changes. A notable example of this was the
response to the asbestos crisis in the 1970s. To prevent such catastrophic events,
simulated materials follow stringent standards, which regularly receive updates, based on
evolving sustainability and understand of hazardous materials. The American Society for
Testing and Materials (ASTM) releases standards on which global industries must base
their materials’ standards. The ASTM specifications for both vinyl and fiber-cement
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change regularly, as each material has a committee that reviews developing science and
applies it to the material.
Fiber-cement siding began in the 1910s as asbestos siding, which received
accolades until asbestos was revealed as a carcinogen. The asbestos was replaced with
cellulose, a plant-based fiber and manufacturers sought to repair their damaged
reputation. While fiber-cement siding received excessive attention from the scientific
community in the 1970s and 1980s, current literature deals with adjusting the fibers to
recycled ones. The review published in 2021, “Recycled Fibers for Sustainable Hybrid
Fiber Cement Based Material: A Review,” discusses the available fibers that may be
reused fiber-cement materials, for a more sustainable product.87 Fiber-cement has not
changed drastically since the 1980s, but there is a movement towards a more sustainable
and cost-effective version.
Early advertisements for vinyl arrogantly claimed “vinyl is final!” yet, this true
declaration causes trepidation in many scientists. Although vinyl siding does eventually
crack, break, and need replacement, it does not decompose. This irrefutable fact about
plastics, particularly vinyl, presents a waste that cannot be circumvented, and several
books, such as Power Trip by Amanda Little, describe their concern with an eternal
material.88 The report “Recycling as a Sustainability Practice in the North American
Vinyl Industry,” attempts to assuage these fears by demonstrating that vinyl companies
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recycle the vinyl, so that less remains in a landfill, and more is repurposed.89 This circle
of plastic essentially, creates a sustainable cycle, as long as the chemical composition of
the material does not fail with each layer of reuse.
Due to the reputation of plastic, and the insistence that vinyl proves the most
sustainable option for siding, the company, Vinyl Siding Institute, commissioned the
report “Vinyl, Insulate Vinyl, and Polypropylene Siding Life Cycle Assessment,”
detailing the lifecycle of vinyl, and providing methods for environmental improvement.90
Several such studies were commissioned by vinyl companies, however, this particular
2016 study appear unbiased and methodical in execution, neither condemning the
industry, nor complimenting its success in sustainability, but simply providing data and
methods of improvement.91 Even in cases where vinyl siding is as sustainable as
possible, many scientists fear it is not worth the risk, due to the toxicity of PVC. Toxicity
of Building Materials, published in 2012, delves into polyvinyl chloride (PVC) and the
toxicity produced during its production.92 In a similar vein, Sam Kubba’s Handbook of
Green Building Design and Construction, 2nd Edition writes that the production of PVC
creates toxins, that are also released when recycled, ultimately making recycling the
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material moot.93 Although vinyl siding is prolific and continues to lower its carbon
footprint, its toxicity remains an unavoidable consequence, regardless of any regulatory
changes.
As wood siding has not changed drastically over the years, the emphasis of
scientific discussion on which to focus is the new growth wood compared to old growth
wood, especially as the thesis pertains to replacement of historic wood siding; whether
the best alternative is keep and repair as possible, replace with as similar wood as
possible, or shift to a synthetic material.
Several of the articles discovered discuss the differences between old-growth and
new-growth wood, focusing on specific trees, while many of these studies took place in
Malaysia, the articles that are referenced only refer to those within in the continental
United States. The 2000 article, “A Comparison of Structural Characteristics between
Old-Growth and Postfire Second-Growth Hemlock-Hardwood Forests in Adirondack
Park, New York, U.S.A.,” addresses the differences in physical composition between
tress of the same species, but different wave of growth, focusing on a New York forest,
that experienced a fire allowing for a test site that provided the same soil and
environment but different age.94 Ziegler’s study acknowledge a difference in the
composition of old-growth compared to new-growth, however, she does not imply that
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these results provide information outside of a need for further study.95 Nevertheless, the
composition difference of old-growth and new-growth affects the lifecycle costs of
modern wood siding.
Although only the continental United States is regarded when discussing oldgrowth compared to new growth, Malaysia has published several articles regarding how
to better fortify new wood. The article, “Comparison of the Effects of Acetylation and
Paraffin Emulsion Impregnation in Pinus Caribeae,” published in 2020, discusses
attempts at developing wood that is more durable and less penetrable by water.96 This
technique infuses wood with wax, similar to treatments of historic wood undergoing
conservation treatments.97 Although this method is new, it may provide historic
preservationists with a durable solution to wood siding that seems impossible due to the
weakness of new-growth wood. At the moment, it is not a cost-effective measure to use
when recladding a house, but if the technology continues and becomes more common,
like pressure-treated wood, it may be a solution to the difficult question of replacing in
kind or with a more durable material.
Although the fabrication of wood siding has remained the same, the wood itself
has evolved, and with that, attempts have been made to synthetically alter new-growth
wood to attain old-wood characteristics, specifically altering water permeation. While
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altering the durability of wood may create a better product for the consumer, the article
does not address the environmental effects of the treatment, however, the study was done
in response to fears that wood products would become severely limited and not for
widespread application on siding.
As the proposed historic preservation thesis requires an accurate LCA and LCCA,
the literature necessary is varied. Historic preservation’s relationship with simulated
materials and LCAs, is reviewed, providing precedence for adjustments to standards as
well as demonstrating the fact that preservationists use LCAs to support their programs.
Lifecycle cost assessments and life cycle cost assessments supply a broad picture of the
economic and environmental impact the material, but it is necessary to see the variety of
forms these studies take, as well as concerns within the methodology. The
advertisements provide context that exhibit simulated materials’ movements towards
sustainability. While the supporters of specific material do not admit flaws, scientists
assert their apprehensions. Each of the three materials is limited in its sustainability but
rarely discussed together, thus a comparative analysis, which synthesizes available
documentation, is necessary in order to provide preservationists and consumers with an
accurate depiction of economic and environmental costs over time.
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CHAPTER III:
METHODOLOGY
In order to develop an effective method of comparing the environmental and
economic costs of each material, two separate forms of study, the Lifecycle Cost
Assessment (LCA)98 and the Life Cycle Cost Assessment (LCCA) are necessary. The
former provides quantitative measurements of the environmental impact over a particular
material’s lifetime, while the latter establishes the financial costs acquired by a material
throughout the course of its life. Both of these studies began development in the 1970s
and were refined throughout the last fifty years. An LCA is a scientific approach to costs
over time, and as such, is regularly performed on various materials within construction.
Thus, in order to compare the environmental costs of a material, it is merely necessary to
locate the most conclusive studies, demonstrate why they are the most robust available,
and then compare them. Meanwhile, an LCCA provides an economic approach to costs
over time. As these change regularly, locating previous LCCAs is superfluous, as the
information is dated. Therefore, LCCAs will be performed for each material; the
Stanford’s Guidelines, which explains each step of the LCCA process includes a method
for comparing alternative costs, using 22 Legare Street in Charleston, South Carolina as
the hypothetical case study. Thus, through the following means, the environmental and
economic costs of each material will be evaluated and compared, thus succinctly
demonstrating which material is the most environmentally and economically sustainable.
Note: As previously stated, an LCA is the process by which environmental impact is quantified,
the results of which are often relayed to the public through an EPD (environmental production declaration.
For the sake of this thesis, these will be interchanged, as the results of the EPD were obtained from an
LCA, and thus follow the LCA methods.
98
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LIFECYCLE COST ASSESSMENT (LCA)
In the 1970s, scientists developed Lifecycle Cost Assessments (LCA) in order to
quantify environmental costs of products. A completed assessment establishes the
environmental effects over the duration of a product’s lifetime, from cradle to grave. In
their 2014 work, Life Cycle Assessment (LCA): A Guide to Best Practice, Drs. Walter
Klöpffer and Birgit Grahl explain the history, development, success and standardization
of LCAs.99 Renown in his field, Klöpffer is an Austrian scientist and researcher who, per
his Curriculum Vitae, has been invested in the developments of LCAs since the 1990s,
thus, he offers both his first-hand experience and intimate knowledge of the subject
throughout this Guide.100 This work presents the general lifecycle of a material as the
five-step process of extraction of the raw material, production of an intermediate product,
production of the end product, use-phase and the end of material’s life, which may be
disposal or recycling.101
Table 3.0-1. Simplified Lifecycle of Product, as presented by Klöpffer and Grahl
Extraction of Raw
Material; Including
Energy Carrier

Production of
Intermediate Product

Production of End
Product

Use Phase

End-of-Life
(Desposal/Recycling)

Thus, the LCA quantifies the environmental impact of each process within an item’s
production, which, for the sake of this study, provides comparable information on the
sustainability of each siding type. With this basic understanding of what a robust LCA
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requires, and the standards presented within Life Cycle Assessment (LCA): A Guide to
Best Practice, a guideline is established by which effective LCAs are determined,
particularly focusing on whether it conforms to ISO 14040/44, which is the international
standards required of an LCA.102 As this study seeks to determine the most sustainable
option between in-situ historic wood siding, modern wood, fiber cement and vinyl siding,
it is not viable to develop individual LCAs for each material. Instead, LCAs developed
by professional companies will be collected and compared to the standards within the
book, Life Cycle Assessment (LCA): A Guide to Best Practice.
Many individual production companies have commissioned LCAs for their
product, in order to achieve LEED certification, or to meet minimum requirements for
projects within certain industries. Therefore, the data collection for this section of the
proposed study is not developing LCAs for each material, but collecting the established
studies and comparing them to approved standards. As many of the LCAs emphasize one
aspect of the production over the other, the studies will be evaluated to ensure the most
robust studies are considered. Vinyl manufacturers regularly commission LCAs, to
demonstrate the sustainability of their product as a means of destigmatizing plastics as
building materials, therefore, only the most recent studies will be collected and reviewed.
Meanwhile, manufacturers of fiber cement board develop LCAs with less frequency, but
with similar intention. New LCAs often reflect adjustments in the formula used for the
product, rather than a change in production methods. While these simulated materials
have a large body of LCAs from which to choose, both wood in-situ and modern wood
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siding LCAs are more difficult, and therefore, in the case where no studies are
discovered, two LCAs will be developed.
In such an instance, the LCA will follow the process established within Life Cycle
Assessment (LCA): A Guide to Best Practice. The in-situ historic wood siding only
requires the last two phases of use and end-of-life, as the previous energy used in its
production is embodied energy that does not affect the LCA. Meanwhile, the modern
wood siding requires all five phases and thus data collection will quantify the energy used
for each element of production. Chapter 3, Section 2 of Klöpffer and Grahl’s work
provides the methods and calculations necessary to perform this quantitative study.103
Thus, with the guidance of professional methods within the field, an LCA can be
developed for each material in the instance where effective LCAs are not located. As an
LCA quantifies the energy utilized through the lifespan of a product or, in this case, a
material, a simple graph denoting the energy use over time will be developed to
demonstrate and compare the environmental impact of each material. During the data
collection process, LCAs divulged proprietary information, unnecessary to analysis, thus
this analysis uses only the information provided by the Environmental Product
Declaration (EPD) – a synthesis of an LCA’s results, which include the boundaries of the
study – of each material.
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LIFE CYCLE COST ASSESSMENT (LCCA)
As previously stated, an LCCA is a method for quantifying financial costs over
time. This method takes into account the financial expectations of the thing being
quantified and compares that to its life expectancy, thus producing an equation for cost
over time by which other items are compared. Most often, these assessments are
performed on whole buildings, or projects, however, for the sake of this study, the LCCA
section focuses on each material: upkeep of in-situ wood siding, replacement with wood
siding, replacement with fiber-cement siding, and replacement with vinyl siding. The
framework for the LCCA follows the guidelines established and published by Stanford
University in 2005, Guidelines for Life Cycle Cost Analysis, which describes the five-step
process. While entire buildings and their rehabilitation were the original intention of
Stanford’s guidelines, the fifth step provides the equations by which they determined the
cost over time. Thus, their methods are easily extrapolated and applied to the individual
materials of this particular study. In order to apply these methods, each expense
regarding the material and their application must be established through current prices of
material, installation, maintenance and the life expectancy of each material. The LCCA
takes these expenses and divides them by the life expectancy, resulting in costs over time.
Therefore, through the data collection and application of Stanford’s equations for
LCCAs, the costs over time are established for comparison.
The first four steps of the LCCA process, per Stanford’s Guidelines, establish the
necessary information required for the fifth and final step. These steps are as follows:
“Establish Clear Objectives,” “Determine LCCA Metrics (total cost and payback),”
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“Identify the Base Case and Develop Alternative Designs,” and “Gather Cost
Information.”104 As an LCCA merely quantifies the economic costs of a product over
time, the first step acknowledges the limitations of this study as purely financial and
prepares the analyst for the anticipated results.105 These limitations demonstrate the need
for coinciding LCAs, as the two assessments combined provide a robust study by which
sustainable outcomes are based. The second step, determining the metrics, requires slight
adjustments from the Stanford Guidelines. While their metrics provide “life cycle costs
of each alternative and its payback over a certain study life,” the study life is set at thirty
years, whereas the four materials under examination have the life expectancy of fifty
years, which serve as the payback metrics.106 Therefore, the metrics for this thesis are
determining the life cycle costs of each material over the course of their respective
lifespans. The base case, as required of step three, is the in-situ historic wood siding
while the alternatives are the replacement with modern wood siding, fiber cement siding,
or vinyl siding. As such, the hypothetical case of 22 Legare Street requires some cost in
2022, whether this cost is maintenance, as in repainting the in-situ wood siding, where
lead abatement is not necessary as it has already been encapsulated, or replacing the
current siding with one of the three options. The LCCA determines which option is the
most cost-effective over the course of fifty years. Stanford’s Guidelines express the
concern of limitless alternatives; however, this study focuses on only materials
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resembling the historic siding, therefore the three alternatives present the only viable
options for replacement. These first three steps determine the parameters of the study,
simply stated, evaluating the life cycle cost – otherwise the financial cost – of each siding
material over the course of their expected lifespan, using in-situ material as a base case
and the simulated, or modern, versions as alternatives.
With the parameters set, the data collection follows as the fourth step of
Stanford’s Guidelines. In order to provide the most accurate numbers, estimates will be
collected based on the case study house of 22 Legere Street in Charleston, SC, as it
recently underwent renovation, thus plans were readily available, and it has historic wood
siding. The Guidelines establish the variety of costs necessary for a robust study,
including both hard and soft costs – inflation is calculated in the fifth step, as an
unavoidable aspect of the economy.107 The base case, in this instance the in-situ wood
siding, remains the simplest cost to calculate, as the only cost necessary are the four costs
under maintenance: preventative, reactive, planned and deferred. The data collection for
this, therefore, merely depends on determining the necessary maintenance schedule for
in-situ wood siding, and the costs of each aspect of maintenance, over the span of its life.
For the remaining three materials, the costs expand, as they come with project costs and
maintenance costs. Therefore, for each material, the following costs must be collected.
Project costs include the price of removing the in-situ siding, any abatement costs that
may incur, the preparation of the site and the material and labor required for installation.
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It is anticipated that the removal and abatement costs will remain the same for each
material. Nevertheless, the preparation of site, material and labor will vary depending on
the material. The maintenance costs require a schedule of maintenance for each material,
and encompasses the same four aspects of the maintenance costs for the in-situ siding.
This data collection requires estimates from contractors within the field, material
estimates from suppliers and both confirmation of maintenance schedules and the
anticipated costs from experienced contractors.
In order to provide the 2022 costs, several contractors were contacted for material
estimates. On January 1, 2022, a phone call was made to Southern Lumber and Millwork
Co., requesting enough ten foot long, eight-inch-high #145 siding for five thousand,
seven hundred and forty-five square feet of house. Within an hour, a quote for
$34,091.79 was received from Adrian Rodriguez. On that same day, calls were made to
Coastal Siding and Windows and Trico Exteriors for vinyl quotes. While the latter did
not respond – neither to the phone call nor to an email sent afterwards – Coastal Siding
and Windows answered with a very brief, oral quote of $4/ft2. While both phone calls and
emails were sent to Holy City Exteriors and Low Country Contractors, only Holy City
Exteriors responded in email format, providing information regarding which siding type
has been approved by the BAR in the past, as well as quotes for each element of the
siding that is required. Based on the quote for Artisan Board, the material and
installation costs amount to $15/ft2, excluding sheathing and painting. While both the
vinyl and fiber cement quotes included installation, the wood siding was simply a
material’s quote, therefore, Richard Marks, of Richard Marks Restorations, Inc. was
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asked for labor costs. On February 16, 2022, a range of rates was provided, allowing an
average of costs for a three-man team. Thus, through these means cost estimates were
obtained.
With the data collected, the life cycle cost of each material is determined through
calculations provided within the fifth, and final, step. The LCCA Guidelines provides
five different terms and under “Fundamental Concepts,” most of which are invaluable in
calculating the life cycle cost of a material. The first concept considered is the “Time
Value of Money,” which differentiates between the current value of money and that of
the future.108 In order to evaluate the future value of money, the concepts of and
equations to determine “Inflation,” “Discount,” and “Escalation” are provided.
Developing accurate discount or escalation costs requires the real value of a future
project, thus the equation 𝑅𝐸𝐴𝐿 =

1+𝑁𝑂𝑀𝐼𝑁𝐴𝐿
1+𝐼𝑁𝐹𝐿𝐴𝑇𝐼𝑂𝑁

− 1 projects the real rate based on when

in the future the cost will occur. The “Nominal” rate is the current cost of maintenance,
while the “Inflation” rate is based on the inflation over time, the equation produces the
“Real” rate of that future cost.109 Maintenance of the material is considered within the
realm of future costs, thus the importance of an accurate schedule of maintenance that
provides the context for how far into the future the costs will be, and thus the rate of
inflation necessary for the calculation. Due to the extreme inflation rate of 2021 – 6.8%
rather than the annual 1.0% ~ 3.0% inflation of the past thirty years – the inflation
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calculation for this study will follow projected inflation of 2% a year for the duration of
each material’s lifespan, without allowances for anomalies.110111 Thus, through this
method, the future costs are adjusted for inflation.
The real value provided by the inflation equation is applied to both discount,
which quantifies the difference between current and future rates, and the escalation,
which quantifies the adjustments in material and labor that are not directly proportionate
to inflation. Due to the location and age of the Guidelines, neither the discount nor
escalation were included in the LCCA. The discount rate is determined through the
calculation of current costs with a specific percentage that varies from region and
material, reflecting the decrease in cost of a commodity that becomes more common. As
Stanford’s Guidelines is several years old and based on California rates, the discount was
not included in the study. “Escalation” accounts for increase in labor costs, but like
discount, its calculation requires a specific rate of escalation, which varies from region
and type of work performed, thus, as an unknown, this was not included within the
LCCA. While both calculations provide further information for an LCCA, as a relatively
consistent material, the costs of siding do not fluctuate as consistently as many other
technologies.
Although these calculations are necessary in determining individual costs, the
final calculation in the process incorporates all of this information into one cost for the
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product’s lifetime, including installation and maintenance. This final equation is
relatively simple: 𝐿𝐶𝐶 = 𝐶 + 𝑃𝑉𝑅𝐸𝐶𝑈𝑅𝑅𝐼𝑁𝐺 − 𝑃𝑉𝑅𝐸𝑆𝐼𝐷𝑈𝐴𝐿−𝑉𝐴𝐿𝑈𝐸 . Wherein, “LCC”
represents the cumulative costs over the material’s lifetime; “C” represents the current
costs for the entire process of installation, including material, labor and any abatement;
“PVRECURRING” represents the total future costs, specifically those incurred by
maintenance; while “PVRESIDUAL-VALUE” is only applicable to projects with multiple
materials that have different lifespans outside the limits of the study, therefore, this
function will remain zero dollars ($0), as this study follows each material to the end of its
lifespan.112 Although understanding the Life Cycle Cost of each material provides
significant information, the final section of Stanford’s Guidelines presents a method for
comparing the costs of each, under the “Payback Calculation” section, which sets up a
graph that essentially compares the alternatives, i.e. the simulated or modern siding, to
the base case, i.e. the in-situ material.113 This graph demonstrates the costs over time as
well as when, or if, the alternatives prove more cost effective than the base case. Thus,
through a slightly altered form of Stanford’s Guidelines for Life Cycle Cost Analysis, the
economic cost of each material is obtained and compared.
While there are many variables within both studies, the two resources, Life Cycle
Assessment (LCA): A Guide to Best Practice and Stanford’s Guidelines for Life Cycle
Cost Analysis provide excellent methods to develop a successful study. While the LCA
is more technical, it is mostly performed by professionals in the industry whose
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completed studies will merely be reviewed against the standards presented in the guide
for LCAs. These studies are readily available and thus the data collection portion of this
study requires only the latest study that conforms to ISO standards. The LCCA,
meanwhile, is a series of calculations based on current and anticipated costs, therefore,
the data collection requires accurate estimates from professionals. Therefore, while this
study requires an extensive body of work, particularly in the fact that there are four LCAs
and four LCCAs, it is an attainable objective through the methods described.
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CHAPTER IV:
DATA AND ANALYSIS
As detailed in Chapter III: Methodology, the data collection process includes
locating and evaluating established Environmental Product Declarations (EPD) of the
three materials and developing Life Cycle Cost Assessments (LCCA) for the material
installation and maintenance. This chapter elaborates on the findings of each EPD and
synthesizes the information into a single table; the data of which is thus analyzed to
determine the comparative sustainability of the material in question. As laid out in the
following charts, while HardiePlank is demonstrably more environmentally impactful
than the other materials, the arrangement of wood and vinyl appears less evident.
Nevertheless, after analysis, wood continues to have the least overall impact by a small
margin. The second half examines the costs acquired over the lifespan of each material,
that is, fifty years. In accordance with Stanford’s Guidelines for Life Cycle Cost
Analysis, both hard and soft costs are determined for each material and a maintenance
schedule was developed. Following the maintenance schedule, the cost of maintenance
was translated into the current value of future costs, based on an average of inflation.
This completed, the LCCAs present that vinyl provides the most cost-effective option,
while retaining in-situ wood follows, HardieBoard, with its less occurring maintenance
proves cheaper than new wood after twenty years, however, it does have an increased
initial cost.
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LIFECYCLE COST ASSESSMENT (LCA)
Although companies commission and distribute the results of EPDs as an attempt
at transparency, the reports available to the public often highlight the ways in which the
material surpasses its competitors, while understating the areas that necessitate
improvement. These reports often take the information from the commissioned LCA and
present them in an accessible format for the general public, however, these reports
cushion the information with pictures and graphs that do not necessarily describe the
environmental effects. Thus, while many manufacturers claim that they have annual
LCAs, oftentimes they are uninformative, as actual data is not included. While the actual
LCA reports provides the company with essential information that will help them
improve their manufacturing methods, their presentation to the public appears like
misdirection. Despite the rampant promotional reports provided by manufacturers,
established – and peer reviewed – LCAs were located for each material; one was
provided by a manufacturers, as it was cited in their annual Environmental Report, while
the others were performed by third parties on their respective – and unnamed –
manufacturer.
In order to locate the most effective LCA/EPDs, studies were evaluated by the
metrics proscribed by Walter Klöpffer and Birgit Grahl’s Lifecycle Cost Assessment: A
Guide to Best Practice, specifically following the format of the Certum voor Miliuekunde
Leiden – Institute of Environmental Sciences – (CML) method. Per Klöpffer and Grahl,
this method is comprised of “eight impact categories, often with additional subcategories,
this group is the strongest and practically dominates every impact assessment by the
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number of components.”114 These eight impact categories include: climate change; ozone
layer depletion; photochemical oxidant creation potential; acidification potential;
eutrophication; human toxicity; eco-toxicity and odor, the latter of which is left out of
each report viewed. These categories rank from most environmentally impact to least;
while Klöpffer and Grahl write that each category should be completed, they also
acknowledge that those with less environmentally impact can be left out of acceptable
EPDs.115 Each of the analyzed EPDs left out odor and only wood incorporated human
toxicity and ecotoxicity, however, each study incorporated additional information such as
energy use and different categories of waste. While the wood and HardiePlank EPDs
base their data on one square meter of material, the vinyl EPD utilizes one hundred
square feet of material, thus the results of the vinyl EPD were converted to their metric
equivalent to ensure consistency within the analysis. Furthermore, each study bases their
data on the projected lifespan of fifty years.
While there are many manufacturers of fiber cement siding, one of the most
prolific manufacturers is JamesHardie, which manufactures and distributed its products
globally; due to its scale, JamesHardie commissions an annual lifecycle cost assessment
of their product. While the data is synthesized into an annual environmental report that
presents their overall improvement from years past, this report does not include actual
data. While this superficial report is easily located on their website, they cite an actual
LCA and provide a link to the Environmental Product Declaration, which provides all the
Klöpffer and Grahl, 362.
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necessary data, without including any proprietary information. Thus, the report – issued
on March 12, 2019 and valid until December 13, 2023 – provides cradle-to-gate analysis
of JamesHardie’s fiber cement siding, otherwise known as HardiePlank.116 The results of
the study are based on one square meter of product while the boundaries of the study
include all aspects of the production stage.117 Additionally, the EPD acknowledges that
“the collected data covered all raw materials, consumables and packaging materials;
associated transport to the manufacturing site; process energy and water use; direct
production waste; emission to air and water.”118 Therefore, the EPD provided by
JamesHardie is approved by the standards set by the ISO and presents the data necessary
for this study.
While the fiber cement siding EPD was established under the umbrella of
JamesHardie, the vinyl siding EPD was developed by UL Environment on behalf of the
Vinyl Siding Institute (VSI), which based their findings on the vinyl siding industry
standard within four manufacturers.119 VSI released the LCA to the public as an EPD in
July of 2016. The results of the study are based on one hundred square feet of product,
while the boundaries of the study include: raw material acquisition and processing,
processing of materials, transport of raw materials, energy used in production at
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manufacturing facilities, interplant and final product shipping, packaging, manufacturing
waste and emissions, and product installation, use, replacement and disposal.120 The
study followed and supplied data for both the TRACI and CML methods, thus providing
the necessary parameters for comparison, however, the use of an imperial unit of vinyl
required conversion of the data. Thus, while the EPD provides data for each of the CML
parameters, the total unit of each parameter is divided by 9.29031 to arrive at the total
unit’s square meter equivalent. The method of conversion was arrived based on the
following: 𝑚2 =

𝑓𝑡 2

where 𝑚2 =
10.7639

100𝑓𝑡 2
10.7639

thus making 𝑚2 = 9.29031. Through

these methods, the data within the EPD provided by the VSI was prepared for evaluation
and analysis.
The final LCA incorporated into the analysis is the EPD for Cedar (wood) siding
issued to Western Red Cedar Lumber Association in February 2018 – valid until
February 2023 – by FPInnovations. This EPD consolidates the data within an LCA
completed in 2017 and was peer reviewed by “Dr. Tom Gloria from Industrial Ecology
Consultants (chair), Dr. Lindita Bushi from Athena Sustainable Materials Institute and
James Salazar from Coldstream Consulting.”121 The EPD took the average of three
manufacturers of cedar siding, and worked alongside the Athena Sustainable Materials
Institute and the Consortium for Research on Renewable Industrial Materials
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(CORRIM).122 The results of the study are based on one square meter of oven-dry
Western red cedar, with a service life of fifty years.123 While most accessible wood
siding is treated and primed, the EPD provides data only for untreated, but primed, cedar.
The initial EPD includes the extraction and processing of raw materials; transportation of
raw materials from extraction site to manufacturing site; manufacturing of the wood
construction product, including packaging; construction stage; installation; the use-phase
– including maintenance; and end-of-life processes – deconstruction,
dismantling/demolition, transportation to waste possessor and disposal.124 The data
gathered from each cycle in the materials’ life was synthesized using the CML method
and presented in “Table 3” of the EPD, the data from which provided the necessary
information for the comparative analysis.
The three studies provided acceptable data for analysis, as they utilized the same
metrics – based on one square meter of a material, with a lifespan of fifty years, followed
the parameters of the CML and were each performed within the past ten years. As each
study was performed by a different entity, their format varies, however, each was peer
reviewed by experts in the field and both the methods and resulting data are identical.
Thus, despite any discrepancy in category or format, the studies are both relevant and
effective for the purpose of the comparative analysis.
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DATA PRESENTATION
The organization of an LCA’s results depends upon the method used during the
assessment, however, due to the wide-acceptance of the CML methods, most studies
report their results in CML terms, even if their initial study followed a different method.
Regardless of which techniques are employed, the categories are broken into two
subsections: input and output. Those categories which quantify input include abiotic
resources, biotic resources and land.125 Meanwhile, output categories include global
warming potential, depletion of stratospheric ozone, human toxicological impacts,
ecotoxicological impacts, photochemical oxidant creation, acidification, eutrophication,
odor, noise, radiation and casualties.126 The output categories are more seriously
considered for their effect on the environment. Despite these natural designations,
organization within completed LCAs often divides categories based on global and
regional environmental impact, resource use and waste. Thus, following this method of
organization, each category was first divided into one of the four types of impact and then
arranged from greatest to least concerning within those categories. Furthermore, while
the methodologies followed by United States and Europe use these categories, the former
reports actual results, while the latter reports potential results; thus the CML – a Europe
based methodology – reflects potential impact.127 In order to analyze the data, all units
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presented are converted to consider the impact of a square meter of material with a
lifespan of fifty years.128
As JamesHardie is an international company, the current EPD follows European
standards, thus the LCA process followed the CML methodology and the results are
based on the metric system. Thus, the following data is based on one square meter of
material, synthesized within Table 4.1. Although the LCA follows ISO Standards, the
study bases its findings on a Cradle-to-Gate formula – approved by EN 15804129 – which
omits the energy and waste created by demolition and disposal.130 While the EPD
presents the option of reuse at the end-of-life, it acknowledges “cladding should be
disposed of in a landfill.”131 Thus, without the data of use and end-of-life impacts, the
analysis must acknowledge the unknowns of the end-of-life phase, which would likely
cause a greater level of impact for most of the categories.

Note: All EPD’s available in Appendix A.
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Note: “EN 15805 —2012 Sustainability of Construction Works, Environmental Product
Declarations, Core Rules for the Product Category of Construction Products” is the European Standard by
which core parameters are permissible during the development of a lifecycle cost assessment; this standard
was published January 1, 2012.
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Table 4.1. Total Environmental Impacts of HardiePlank, provided by EPD.

The EPD provided by Vinyl Siding Institute bases its data on four United Statesbased companies, therefore the results are based on the imperial metric of one hundred
square feet. Although the study is primarily for a United States audience, it follows both
US methodology and European methodology, with data consisting of the cradle-to-grave
lifecycle. Although the results are based on one hundred square feet of the material, each
category was converted to its square meter equivalent, ensuring consistency within the
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analysis. Thus, the following data is based on one square meter of vinyl siding,
synthesized within Table 4.2. This data is based on the average of four United Statesbased manufacturers and includes all phases of the product’s lifecycle.
Table 4.0-2. Total Environmental Impacts of Vinyl Siding, provided by EPD.

The EPD on wood siding, developed by FPInnovations on behalf of Western Red
Cedar Lumber Association, presents the average input and output of three wood siding
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manufacturers, two based in Canada and one in the continental U.S.132 As this EPD
covers two countries with different measuring systems, the results are presented with
both the imperial and metric systems. The third table within the report consists of the
results of the CML method using square meters, therefore, the analysis is based on this
table, which is synthesized within Table 4.3.133 This data is based on one square meter of
typical western red cedar siding.
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Table 4.3. Total Environmental Impacts of Cedar Wood Siding, provided by EPD

In their guidelines for effective lifecycle cost assessments, Klöpffer and Grahl
present the wide-range of categories, many of which are not necessary for a complete
LCA and simply provide additional context. The core categories within the CML method
of LCA include Climate Change, Ozone Layer Depletion, Photooxidant Chemical
Depletion, Acidification Potentials, Eutrophication, and the two categories of Abiotic
Depletion – ADPE and ADPFF. Supplementary categories, which provide further
context of a material’s impact includes the four types of toxicity – treated as one
throughout this analysis, non-renewable primary energy use, renewable primary energy
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use, non-renewable secondary sources/fuels, secondary materials, new water use,
radioactive waste, hazardous waste and non-hazardous waste. Each of the EPDs include
the core categories while of the twelve supplementary categories, both HardiePlank and
vinyl address eight supplementary categories – omitting the four toxicity categories,
while wood addresses nine – omitting non-renewable secondary sources/fuels, secondary
material and radioactive waste. While the omission of toxicity was not addressed, the
three categories omitted by the wood EPD are not applicable to the process of
manufacturing wood siding. The results of the three lifecycle cost assessments, with the
scientific numbers converted to real numbers, are synthesized in the following table:
Table 4.4. Parameters and results from each material, in real numbers.
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ANALYSIS
With all the data converted to consistent units, the analysis is based on a
comparison of each material’s data for each category. While the output categories follow
the greatest to least impactful, as designated by Klöpffer and Grahl and based on
regionality of impact, they are also subdivided into four parameters, as indicated in the
table above.134 Thus, those categories that fall under Global Environmental Impacts
include Climate Change and Ozone Layer Depletion, Regional Environmental Impacts
include Photochemical Oxidant Creation Potential, Acidification Potential,
Eutrophication, Abiotic Depletion, Abiotic Depletion – Fossil Fuels and Toxicity, those
categories that fall under Resource Use include Total Non-Renewable Primary Energy,
Total Renewable Primary Energy, Use of Non-Renewable Secondary Sources/Fuels, Use
of Secondary Material and Net Use of Fresh Water, while the fourth parameter of Waste
and Output Flows includes Radioactive Waste, Hazardous Waste and Non-Hazardous
Waste. In this manner, the categories are first divided into their respective parameters
and then organized by importance. Thus, the following analysis follows this
organization.
Climate Change (GWP)
The category of climate change measures the chemical output that increases
radiation absorption within the atmosphere.135 As such, this category quantifies a global
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impact and is thus regarded as a necessary part of any LCA.136 This category is
quantified using kilograms of carbon dioxide or equivalent (kg CO2 eq), the designation
includes twenty-six other chemicals as the equivalent (see Appendix B).137 As
demonstrated in the below graph, (Figure 4.1), HardiePlank emits 8.72 kilograms of
carbon dioxide, or equivalent, per square meter manufactured, while vinyl siding emits
6.78 kilograms and wood emits 6.21 kilograms. Thus, wood siding production
discharges fewer chemicals that effect the atmosphere than either vinyl or fiber cement
production. The margin between wood and vinyl is quite small (8% difference), while
HardiePlank produces one hundred and twenty-nine percent (129%) of the carbon that
vinyl produces. This margin is likely even more dramatic, as the HardiePlank numbers
exclude end-of-life costs.
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Climate Change (GWP) - kg CO2 eq
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Figure 4.1. Climate change graph, with each material's quantified emission of CO 2 eq.

Ozone Layer Depletion (ODP)
Ozone layer depletion measures the output of chemicals that affect the
stratosphere, particularly, in accordance with its name, those that cause depletion in the
ozone layer.138 As this category considers a global effect, its impact is a necessary aspect
of a complete LCA. The ODP category is measured in kilograms of
trichlorofluoromethane or equivalent (CFC-11 eq); the equivalent represents seventeen
other compounds, (See Appendix B).139 Furthermore, according to Klöpffer and Grahl,
“the ODP represents the amount of ozone destroyed by emission of a gas over the entire
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atmospheric lifetime (i.e. at steady rate) relative to that due to emission of the same mass
of CFC-11”140 As denoted in the below graph, (Figure 4.2), HardiePlank releases
0.00000683 kilograms of trichlorofluoromethane (CFC-11), or equivalent, per square
meter of product; vinyl produces 0.00000307 kilograms, while wood produces
0.000000427 kilograms. Thus, wood produces one hundred and thirty-nine percent
(139%) of the trichlorofluoromethane of vinyl, while HardiePlank produces two hundred
and twenty-four percent (224%) of the trichlorofluoromethane or equivalent of vinyl.
Thus, while each material produces far less than one kilogram of trichlorofluoromethane
or equivalent, vinyl produces the least, while HardiePlank produces the most, even before
disposal at end of product life.

Ozone Layer Depletion (ODP) - kg CFC-11 eq
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Figure 4.2. Ozone layer depletion graph, with each material's quantified emission of CFC-11 eq.
Klöpffer and Grahl, 243.
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Photochemical Oxidant Creation Potential (POCP)
Photochemical Oxidant Creation Potential (POCP), also known as formation of
photo oxidants or summer smog is an output category that measures a regional effect.141
This particular smog requires three elements for production, outlined by Klöpffer and
Grahl as “[1.] intense solar radiation with a high UV concentration, [2.] reactive nitrogen
oxides NOx (=NO+NO2) and [3.] reactive volatile organic compounds (VOC, especially
alkenes) and/or CO.”142 As photo oxidants require all three aspects, the category
measures the potential, as in, the reactive nitrogen oxides and volatile organic compounds
omitted during manufacturing, which will not necessarily become photooxidants, as this
depends entirely on the climate – which cannot be measured with certainty and varies by
region.143 Thirteen substance classes are included under the unit of ethene or equivalent,
(See Appendix B).144 As demonstrated in the below graph (Figure 4.3), the results of the
three lifecycle cost assessments denote that HardiePlank produces 0.00211 kilograms of
ethene, or equivalent during the manufacturing of one square meter, while vinyl produces
0.00187 kilograms and wood produces zero kilograms. While wood, therefore, produces
the least, HardiePlank produces one hundred and nineteen percent (119%) of the ethene
or equivalent from the same volume of vinyl, even before disposal at end of product life.
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Figure 4.3. Photochemical Oxidant Creation Potential graph, with each material's quantified emission of
ethene eq.

Acidification Potential (AP)
Acidification affects unbuffered water – water without a pH balancing buffer –
which damages the ecosystem within these waters, forests, which typically affects the
flora, and soils.145 Despite the variety of effected areas, the output-based impact remains
only a regional concern, as the released compounds remain within a radius of the
producer.146 Although Klöpffer and Grahl acknowledge the distinction of Acidification
Potential as a regional impact, they also see this distinction as limited and in need of
further development, as it relies on a complex model with many variables, the results of
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which often neglect broader implications.147 Nevertheless, the LCAs analyzed follow the
standard regional impact. Acidification Potential is measured as sulfur dioxide or
equivalent (SO2 eq) in kilograms, with the equivalent including fourteen other
compounds (see Appendix B). As visualized by the graph (Figure 4.4), HardiePlank
releases 0.0443 kilograms of sulfur dioxide or equivalent per square meter, while vinyl
produces 0.0299 kilograms per square meter and wood produces 0.04 kilograms. Thus,
vinyl produces the least acidification, with wood producing one hundred and thirty-four
percent (134%) of the sulfur dioxide or equivalent produced by vinyl, and HardiePlank
produces (148%) of the sulfur dioxide of vinyl.
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Figure 4.4. Acidification potential graph, with each material's quantified emission of SO2 eq.
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Eutrophication (EP)
Eutrophication measures emissions which cause an excess of nutrients in water,
air and soil, which then acts as entry points to the two areas affected by eutrophication.148
These two categories are, Aquatic Eutrophication, which enters the water by either water
or air and increases bacteria and algae production, essentially altering the eco-system;
and Terrestrial Eutrophication, which affects the nutrients within soil.149 The category of
Eutrophication includes both subdivisions, without distinction, and is quantified in
kilograms of phosphate or equivalent (PO43- eq), wherein the equivalent include eight
other compounds (see Appendix B).150 Furthermore, Klöpffer and Grahl note that “the
substances that cause eutrophication cannot be generally referred to as pollutants as such,
rather as plant nutrients.”151 Therefore, this regional, output-based impact is not
necessarily destructive, but affects the eco-system to varying degrees. The results of the
LCAs are illustrated below (Figure 4.5), where HardiePlank emits 0.00528 kilograms of
phosphate or equivalent (PO43- eq) per square meter of manufactured product, vinyl
produces 0.00478 kilograms per square meter and wood produces 0.01 kilograms per
square meter. Thus, wood produces two hundred and nine percent (209%) and
HardiePlank produces one hundred and eleven percent (111%) of the phosphate or
equivalent of vinyl’s production.
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Figure 4.5. Eutrophication graph, with each material's quantified emission of PO43- eq.

Human Toxicity and Ecotoxicity
According to Klöpffer and Grahl, there are two subcategories of toxicity, Human
Toxicity, measuring that which directly impacts humanity and regarded with similar
importance as global impacts, particularly in the United States, and Ecotoxicity, which
impacts not only individual species but entire eco-systems.152 As a product of
manufacturing, toxicity is an output-based impact that measures carcinogens in kilograms
of 1,4-Dichlorobenzene, or equivalent (1,4-DB eq).153 Although at first glance this
category seems straight-forward, there are several methods, which vary regionally, and
render the results difficult to compare. Furthermore, despite the overarching effect of
Klöpffer and Grahl, 269 and 280.
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toxicity on both humanity and the eco-system, neither LCA for vinyl or HardiePlank
incorporated this category, skewing the data of the graph (Figure 4.6). While toxicity is
not a required category for the CML method, it provides crucial data that informs
manufacturers of real-world, and often irreversible effects. Nevertheless, the LCA
developed for wood included four subsections of toxicity: human toxicity, fresh water
aquatic ecotoxicity, marine aquatic ecotoxicity and terrestrial ecotoxicity. Following
these subcategories, wood produces 2.06 kilograms of 1,4-Dichlorobenzene, or
equivalent, as it relates to human toxicity, 1.58 kilograms of 1,4-Dichlorobenzene, or
equivalent, as it relates to fresh water aquatic ecotoxicity, 4119.28 kilograms of 1,4Dichlorobenzene, or equivalent, as it relates to marine aquatic ecotoxicity, and 0.02
kilograms of 1,4-Dichlorobenzene, or equivalent, as it relates to terrestrial ecotoxicity.
These results are illustrated in Figure 4.7. Due to the lack of data from the remaining
vinyl and HardiePlank EPDs, an effective comparison cannot be made. It is unlikely that
either material produces zero toxins or carcinogens, but this information is unreported.
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Toxicity (Human) and Ecotoxicity (Aquatic and
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Figure 4.6. Total toxicity for each Material, quantified as kilograms of 1,4-DB eq.
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Figure 4.7. Break-down of the toxicity of wood production.
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Marine Aquatic
Ecotoxicity
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Abiotic Depletion (ADPE)
Abiotic depletion corresponds to an input-related environmental impact, in other
words, while previous categories quantify a product of the manufacturing process, abiotic
depletion quantifies a consumed resource.154 Abiotic depletion includes both finite and
regenerative resources, primarily fossil fuels (finite) – which were treated as their own
category in each LCA, and is thus presented later – uranium ores (finite), mineral raw
materials (finite), fresh water (regenerative) and air and its components (regenerative).155
This depletion is quantified as kilograms of antimony or equivalent (Sb eq) in the LCAs.
Although both the wood and HardiePlank LCAs included Abiotic Depletion in their
results, vinyl did not. HardiePlank consumes 0.0000328 kilograms of antimony or
equivalent per square meter of material, while wood consumes 0.00000675 kilograms, as
illustrated by Figure 48. Thus, HardiePlank consumes four hundred and eighty-six
percent (486%) of the abiotic resources, excluding fossil fuels, of wood’s production.
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Figure 4.8. Abiotic Depletion, as quantified by kilograms of Sb eq.

Abiotic Depletion – Fossil Fuels (ADPFF)
As concern over fossil fuel consumption increases, each of the LCAs presented
the consumption of fossil fuels as its own category, abiotic depletion – fossil fuels. Thus,
this category quantifies, in megajoules (MJ), the consumption of a finite resource. As
such, HardiePlank consumes 103 megajoules of fossil fuel per square meter of material,
while vinyl consumes 16.2 megajoules and wood consumes 0.04 megajoules, see Figure
4.9. Thus, HardiePlank consumes two thousand, five hundred and sevnty-five percent
(2,575%) of the megajoules of fossil fuel wood produces, while vinyl consumes four
hundred and five percent (405%) of the megajoules of fossil fuel of wood.
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Figure 4.9. Fossil fuel consumption per material in MJ.

Total Non-Renewable Primary Energy Use
The source of non-renewable primary energy consists of fossil fuels, which
include coal, oil and natural gas, and their respective products, as well as electricity.156
The ratio of energy use depends on region, as countries and states have varying access to
these energy sources. Non-renewable primary energy use is quantified in megajoules
(MJ), thus, as illustrated in Figure 4.10, HardiePlank utilizes 114.7 megajoules of nonrenewable energy per square meter of material manufactured, vinyl consumes 5.16
megajoules and wood consumes 91.9 megajoules. Thus, wood consumes seventeen times
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the non-renewable energy of vinyl, while HardiePlank consumes twenty-two times the
non-renewable energy of vinyl.

Total Non-Renewable Primary Energy Use - MJ
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Figure 4.10. Comparison of Total Non-Renewable Primary Energy Use in MJ.

Total Renewable Primary Energy Use
Renewable primary energy consists of a variety of sources, which vary regionally;
these include solar power, hydropower, wind power, photovoltaic energy and nuclear
energy.157 Meanwhile, renewable primary energy use is quantified in megajoules (MJ),
thus, as shown in Figure 4.11, HardiePlank utilizes 58.492 megajoules of renewable
energy per square meter of material manufactured, vinyl consumes 124 megajoules and
wood consumes 7.7 megajoules. Thus, HardiePlank consumes seven and a half times the
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renewable energy of wood, while vinyl consumes sixteen times the renewable energy of
wood.
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Figure 4.11. Comparison of Total Renewable Primary Energy Use in MJ.

Use of Non-Renewable Secondary Sources/Fuel
As a source of energy, the non-renewable secondary sources are quantified in
megajoules, however, without the complete LCA, the type of energy used as a secondary
source remains an unknown. As illustrated in Figure 4.12, vinyl consumes 0.0212
megajoules of non-renewable secondary sources or fuels per one square meter of
material, while HardiePlank does not consume any non-renewable secondary sources.
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Figure 4.12. Comparative Use of Non-Renewable Secondary Sources/Fuels in kg.

Use of Secondary Material
The category of secondary material is quantified in kilograms, however, the
material quantified remains an unknown, as the limited information provided within an
EPDs omits the type of material considered secondary. Nevertheless, the use of
secondary materials occurred during manufacturing and was recorded for two of the
materials.158 As illustrated in Figure 4.13, HardiePlank consumes 0.119 kilograms of
secondary material, while vinyl quantified their use as zero and wood did not include this
category in its LCA.
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Figure 4.13. Comparative Use of Secondary Material in MJ.

Net Use of Fresh Water
Although considered a regenerative abiotic resource, in the three analyzed LCAs,
the net use of fresh water is considered its own category; according to Klöpffer and
Grahl, this is likely due to an increased concern regarding the scarceness of fresh water
resources globally, especially as many freshwater sources are contaminated.159 Despite
the fact that it is a regenerative resource, certain uses are considered irreversible, namely
as it is used in concrete, thus, at least some, if not all, of the water used in the process of
manufacturing fiber cement board is not regenerative, at least until the product
disintegrates. Fresh water is quantified in cubic meters, although in the wood report, this
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was initially liters and was converted to the appropriate metric. According to their
respective LCAs, see Figure 4.14, HardiePlank uses 0.07419 cubic meters of fresh water
per square meter of product, vinyl uses 9.66 cubic meters and wood uses 0.24119 cubic
meters. Thus, per square meters, vinyl uses thirteen times the fresh water of HardiePlank,
while wood uses three times the water of HardiePlank.
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Figure 4.14. Comparative net use of fresh water, using m3.

Radioactive Waste Disposal
Although considered a disposed waste, radioactive waste refers to either
radioactive emissions that occur during the manufacturing process, or the material itself
is radioactive at its end-of-life.160 As illustrated in Figure 4.15, HardiePlank disposes
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0.0004 kilograms of radioactive waste per square meter of material, while viny disposes
0.0000282 kilograms and wood production does not produce any radioactive waste that
requires disposal. Thus, HardiePlank disposes fourteen times the radioactive waste of
vinyl. Two-thirds of the radioactive waste of HardiePlank occurs during production,
while the remaining third occurs during transportation to site. Meanwhile, half of the
radioactive waste of vinyl occurs during production, while the other half occurs during
demolition and disposal of the product.
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Figure 4.15. Comparative Radioactive Waste Disposed in kg.

Hazardous Waste Disposal
While Klöpffer and Grahl elaborate on the methods for quantifying waste, the two
most common units are MJ – measuring the energy it takes to incinerate or recycle a
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material – and kilograms, which simply quantifies the physical amount of waste.161 The
three categories of waste within the analyzed EPDs use kilograms, thus presenting a
physical quantity of waste. As illustrated in Figure 4.16 HardiePlank disposes 0.00318
kilograms of hazardous waste per square meter of material, while viny disposes 0.00677
kilograms and wood production does not produce any hazardous waste that requires
disposal. Thus, vinyl disposes two times the hazardous waste of HardiePlank.
Additionally, the majority of hazardous waste disposed by vinyl occurs during
production, with a limited amount post use, nevertheless, some of this waste does occur
at the end-of-life. As the limitations of the EPD for HardiePlank remain known, the
hazardous waste disposed by the fiber cement board occurs during production.
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Figure 4.16. Comparative disposal of Hazardous Waste in kg.
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Wood

Non-Hazardous Waste Disposal
The non-hazardous waste category quantifies in kilograms the physical waste
produced by the three materials. The HardiePlank EPD relates the waste produces during
manufacturing, while the majority of non-hazardous waste from both vinyl and wood
occur at the end-of-life. As illustrated in Figure 4.17, HardiePlank disposes 1.331
kilograms of non-hazardous waste per square meter of material, while viny disposes 2.13
kilograms and wood disposes 47.5 kilograms. Thus, vinyl disposes one hundred and
sixty percent (160%) of the non-hazardous waste of HardiePlank and wood disposes three
and a half times the non-hazardous waste of HardiePlank. Although not considered in
the LCA, both HardiePlank and wood siding require the removal of in-situ siding, which,
per The Athena Institute, consists of 3.92 kg of non-hazardous waste per m2.162 While it
may be the case that the in-situ wood siding is coated in lead paint, within state of South
Carolina, lead paint remaining on wood does not require abatement and is not considered
hazardous.163
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Figure 4.17. Comparative disposal of Non-Hazardous Waste in kg.

As an ever-evolving system, both European and United States-based LCAs
maintain their core categories with supplementary categories that convey areas of
concern regarding energy consumption and physical waste. These categories develop a
complete picture of the impacts that each material imparts, while also quantifying the
materials and energy consumed throughout the process. As each EPD follows the
standards and methods established by the CML, the seven core categories include
Climate Change, Ozone Layer Depletion, Photochemical Oxidant Creation Potential,
Acidification Potential, Eutrophication and Abiotic Depletion, both ADPE and APDFF,
while the remaining nine categories provide further context. As supplementary
categories, their evaluation is less developed than those of the core categories, which
causes some categories, i.e. secondary materials or use of secondary sources, to seem
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entirely dependent on the type of composite material in review. Furthermore, instances
where an LCA omitted one or more of the subcategories take into account the type of
category, and whether or not its omission is reasonable for the product in question. With
this caveat, the comparative analysis seeks to take the above relayed information and
synthesize it into a simple comparison. Based on the three EPDs, as illustrated in Table
4.5, HardiePlank consistently received the highest level of impact, while vinyl and wood
compete for overall lowest impact.
Table 4.5. Synthesis of data, with ranking of each material per category.

As noted above, of the sixteen categories evaluated within the EPD, HardiePlank
maintains the highest impact in nine of these categories, including six of the seven core
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categories. In these instances, the margin between HardiePlank and the lowest impacting
product varies from a margin of nineteen percent (19%) to a margin of two thousand, five
hundred and seventy-five percent (2,575%). Nevertheless, it has the lowest impact in
three categories: use of non-renewable secondary sources/fuels, which is an absolute
zero; net use of fresh water, which, while low, marks a possible non-regenerative use of
water, as concrete products require water for the binder; and non-hazardous waste. While
this EPD demonstrate the ways in which HardiePlank requires improvement, the study is
based only on a cradle-to-gate lifespan, thus, the results might be less favorable if
expanded to the end-of-life phase. Therefore, according to the available data,
HardiePlank significantly falls behind either vinyl or wood in sustainability and
environmental impact.
Although the data clearly distinguishes the impacts of HardiePlank from those of
vinyl and wood, discerning between the latter materials requires close analysis of the
sixteen categories. Of the two global environmental impacts, GWP and ODP, each
material has its turn as least impactful. Wood produces 0.57 kilograms less CO2 eq than
vinyl does, however, vinyl produces 0.00000012 kilograms less CFC-11 eq than wood. Of
the remaining core categories, which consist of regional effects, vinyl and wood are split
evenly. Wood contributes nothing to photochemical oxidant creation potential – vinyl
produces 0.00187 kilograms – and while wood uses 0.04 megajoules of abiotic depletion
– fossil fuel, vinyl uses 16.2 megajoules of ADPFF. On the other hand, vinyl contributes
0.0299 kilograms SO2 eq of acidification potential, while wood produces 0.04 kilograms
and vinyl, at 0.00478 kg PO43- eq produces less than half the eutrophication level of
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wood, at 0.01 kilograms. Although these core categories are evenly split, the POCP
measures the potency, not an actuality, of smog, and EP measure natural compounds that
in excess negatively affect the ecosystem. Based on the core categories of the LCAs,
vinyl and wood effectively contribute similar environmental impacts; ultimately,
however, the production of vinyl consumes over four hundred times the fossil fuel
consumed throughout wood siding production. Thus, with these six core categories of
climate change, ozone layer depletion, photochemical oxidant creation potential,
acidification potential, eutrophication, abiotic depletion and abiotic depletion – fossil
fuels combined, vinyl contributes more of an environmentally negative impact than
wood.
While not considered a core category of an LCA, wood provided four different
categories of toxicity: human, marine aquatic, fresh water aquatic and terrestrial.
Although the contributing data – particularly that which relates to marine aquatic
ecotoxicity at 4119.28 kilograms of 1,4-DB eq – demonstrates a high level of toxicity, the
other two LCAs omitted these categories, as it is not required for a complete LCA. The
majority of this toxicity occurs during the production and construction phases of wood
siding. While this category demonstrates an area of interest, without corresponding data
from the other EPDs, analysis cannot occur.
The remaining categories correlate to resource use and waste. Regarding resource
use, wood uses 91.8 MJ of non-renewable primary energy, while vinyl consumes only
5.16 MJ of non-renewable primary energy and 0.0212 MJ of non-renewable secondary
energy, however, vinyl uses 124 MJ of renewable primary energy while wood uses 7.7
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MJ. Furthermore, water consumes 0.24119 cubic meters of fresh water, as a regenerative
source, while vinyl consumes 9.66 cubic meters of fresh water. Of these resources, water
consumes fewer resources overall, however, vinyl utilizes vastly more renewable energy
than wood. The waste parameter includes radioactive, hazardous and non-hazardous
waste. Wood only produces non-hazardous waste, at 47.5 kilograms of waste, while
vinyl produces each type of waste, at 0.0000282 kilograms of radioactive waste, 0.0067
kilograms of hazardous waste and 2.13 kilograms of non-hazardous waste. Although
wood produces a higher quantity of total waste, vinyl produces both hazardous and
radioactive waste, which has a greater negative impact on the environment than a larger
scale of non-hazardous waste.
Therefore, based on the data provided by the Environmental Product Declarations,
wood siding contributes the lowest environmental impact, barely beating vinyl, which
may improve in the next five years as companies alter their production methods. While
HardiePlank adheres to ASTM Standards for environmental impact, it nonetheless has a
greater environmental impact than the other two siding options. While composite
materials are improving upon their environmental impacts, wood remains the most
sustainable of the three materials. Therefore, based on the data provided by the
Environmental Product Declarations, new wood siding contributes the lowest
environmental impact. The fourth material in this study, in-situ wood siding has
embodied energy and the only impact occurs during maintenance of the siding, which per
The Athena Sustainable Materials Institute consists primarily of painting, and incurs a net
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zero of non-renewable energy, and only inputs 0.172 liters of paint for m2.164 The only
other environmental impact occurs during demolition, thus making retention of in-situ
wood siding the most sustainable of the alternatives.
LIFE CYCLE COST ASSESSMENT (LCCA)
Stanford’s Guidelines for Life Cycle Cost Analysis provides a five-step process
for developing an effective and consistent LCCA. These steps are: “(1) establishing
objectives for the analysis, (2) determining the criteria for evaluating alternatives, (3)
identifying and developing design alternatives, (4) gathering cost information
[determining what hard and soft costs are required], and (5) developing a life cycle cost
for each alternative.”165 Although these steps include a wide range of possibilities due to
its application on whole buildings, as well as an emphasis on cost-effective mechanical
components, these steps provide a method of determining the overarching costs of each
type of clapboard-like siding option, fiber cement, in-situ wood, vinyl and modern wood
(referred to simply as wood).
Thus, following the prescribed steps, the objective of the analysis is to determine
the most cost-effective clapboard siding material. This analysis is based on current rates
and the lifespan of fifty years, which will compare both upfront costs of installation, and
the routine maintenance required by each material. As the study seeks to compare

Morrison Hershfield Limited, “Maintenance, Repair and Replacement Effects for Building
Envelope Materials” (Ottawa, Canada: The Athena Institute, January 2002), 9. athenasmi.org (accessed
February 7, 2022).
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aesthetically similar material, the LCCA compares four different materials, the two
natural materials of in-situ wood siding and modern wood siding and the two composite
materials of fiber cement siding and polyvinyl chloride siding, all of which are available
in an imitation of historic styles. As this LCCA extends to installation and upkeep of
siding, the hard costs are primarily installation, which included demolition of existing
material, new material, labor and finish work. Regular upkeep consists of painting at
material-specific intervals. Each material additionally has unforeseen costs that incur due
to weather-related harm and physical damage, but for the sake of this study, it is assumed
that the material will remain intact for the anticipated lifespan of fifty years, per the
material data sheet with each EPD. Furthermore, end-of-life disposal is not considered
within this study, however, the costs related to disposal are similar as materials are often
disposed by volume. With these boundaries of study established by the first four steps,
all that remains is collecting the hard and soft costs and executing the fifth step,
performing an LCCA for each material in question.
DATA PRESENTATION
The primary costs of a project consist of “hard” costs, which include labor,
material and finishes. In order to determine the material costs for the case study house of
22 Legare Street, an estimate of the surface area was calculated using the exterior
elevation measured drawings. The total exterior surface is 6640.5 ft2, with the total
surface area of the windows and doors being 1536.25 ft2, thus only 5104.25 ft2 requires
siding. For sake of material estimates, waste at an additional 12.5% was included for a
total of 5742.28 ft2, rounded up to 5745 ft2 when requesting material, see Table 4.6.
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Table 4.6. Exterior square footage for estimates.

Despite this inclusion of waste for purpose of material quotes, costs of installation are
based on 5105 ft2, as only this surface area receives siding. Nevertheless, costs for items
such as OSB, 4’x8’ sheets of oriented strand board, for sheathing and house wrap, a
synthetic moisture barrier, are based on 6640.5 ft2, as these materials ordinarily envelop
the entire façade first, followed by the removal of the window and door openings. While
application methods vary based on a contractor’s technique, this prevents
underestimation. In this manner, initial hard costs pertaining to the installation of each
material are obtained. Further hard costs include scheduled repainting of the exterior
elevations.
Where hard costs consist of material, labor or maintenance, soft costs include
permitting fees. Charleston’s permitting system bases fees on scope and total cost of
project.166 The permitting includes three types of fees: Application Fee, Permit Fee and
Plan Review Fee.167 The Application Fee is $40.00, while the Plan Review Fee is

City of Charleston, “Building and Trade Permit Fee Schedule: Approved by Ordinance Nos.
2017-131, 2019-064 & 2019-072” (October 1, 2019), https://www.charlestonsc.gov/DocumentCenter/View/17002/Building--Trade-Permit-Fee-Schedule?bidId= (Accessed February
20, 2022), 1.
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equivalent to half of the Building Permit Fee, which has a tiered system where a project
valued at $1,000.00 or less does not demand a fee, those valued from $1,001.00 to
$50,000.00 begin at $15.00, with an additional $5 per every thousand, or fraction of such,
over $1,001.00; projects from $50,001.00 to $100,000.00 begin at $260.00 with an
additional $4.00 for each thousand, or fraction of such, over $50,001.00; projects from
$100,001.00 to $500,000.00 begin at $460.00 with an additional $3.00 for each thousand,
or fraction of such, over $100,001.00; projects from $500.001.00 and over begin at
$1,660.00 with an additional $2.00 for each thousand, or fraction of such, over
$500,001.00.168 Based on this system, the soft costs of permitting were obtained for each
project.
As demonstrated by Stanford’s Guidelines for Life Cycle Cost Analysis, once the
current costs are obtained, any future costs are translated into current dollar value based
on formulae that quantify costs as they relate to inflation, discount and escalation.
Although it varies annually, inflation typically reflects a 1%-3% increase, thus the results
of this study are based on average of a 2% inflation rate. Discount refers to the lowering
of costs as an item becomes more available. The discount rate changes depending upon
the scope of work and such parameters as material in question and location of project,
thus while Stanford provides a discount rate of 6% and 7%, this reflects their initial study
of mechanical systems within a university building in California, and thus, as the
discount rate for siding projects is an unknown factor, the process for determining the
discount is excluded in this study. As maintenance costs alter at different rates than
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inflation, escalation quantifies this increase, however, like discount, each type of work
has an escalation rate, which was not provided within Stanford’s Guidelines. With this
factor unknown, only inflation is application to the study.
HardieBoard
Based on the Lifecycle Cost Assessments provided by JamesHardie, HardieBoard
has a lifespan of fifty years; once installed, it requires schedule maintenance of repainting
every seven years. On January 21, 2022, a request for quote was sent to Holy City
Exteriors, explaining the purposed of the study. After some communication, it was
decided that Artisan Siding by JamesHardie was the best option for this project, Figure
4.18. While it is a premier fiber cement board, and thus more expensive, the
representative

Figure 4.18. Artisan Siding by JamesHardie, based on request for quote,
https://www.aspyredesign.com/products/artisan#artisan-v-rustic (accessed February 21, 2022).

of Holy City Exteriors was aware of instances where the Board of Architectural Review
(BAR) accepted Artisan on new builds, and the occasional remodel. Thus, the rate
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provided is based on Artisan Siding by JamesHardie, where the removal of existing wood
siding and replacement with the fiber cement alternative is $15/ft2; OSB for sheathing
falls between $2.75/ft2 and $3.00/ft2 averaged at $2.88/ft2; house wrap as a moisture
barrier ranges between $1.00/ft2 -$1.50/ft2, averaged as $1.75; and paint is anywhere from
$7.00/ft2 to $10.00/ft2, averaged as $8.50. As only 5105 ft2 requires siding removal and
installation, material and installation totals $76,575.00, while OSB and house wrap cover
6641 ft2 of exterior surface area, thus they cost $19,126.08 and $8,301.25, respectively.
Meanwhile, the total cost of painting 5105 ft2 of exterior surface area is $43,392.50. Thus
hard costs total $147,394.83. The softs costs, based on the schedule of values provided
by the City of Charleston are permit fees of $946.00. Thus, installation, with both hard
and soft costs is $148,340.83, Table 4.7.
Table 4.7. Total hard and soft costs for installation of Artisan Siding by JamesHardie.

Based on the permit schedule, as well as the permit fee estimator available on the
Charleston City website (See Appendix C), the current permit fee for painting 22 Legare
is $385.00. Therefore, every seven years as recurring maintenance, an owner spends
$43,777.50 or equivalent, to paint in-situ wood siding.
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Installation represents the initial costs of the material; the recurring costs include
the maintenance of repainting every seven years. As the construction costs of
maintenance are lower than installation, the permit fee is $385.00, added to painting costs
of $43,392.50, this totals $43,777.50 every seven years over the lifespan of fifty years.
Assuming that the rate for application does not alter, the future costs must be evaluated in
current value. The future equivalent is found in real dollars by following the Guidelines
presented by Stanford, 𝑅𝐸𝐴𝐿 =

1+𝑁𝑂𝑀𝐼𝑁𝐴𝐿
1+𝐼𝑁𝐹𝐿𝐴𝑇𝐼𝑂𝑁

− 1. As established, the inflation rate is

regarded as the average of 2%, thus over the course of seven years, inflation increases
14%, thus 𝑅𝐸𝐴𝐿 =

1+43,77.50
1+14%

− 1. After installation, the next cost occurs in 2029, where

the $43,777.00 is equivalent to $38,401.19 in the current value of the dollar. With this
formula in mind, inflation rises to 28% in 2036, 42% in 2043, 56% in 2050, 70% in 2057,
84% in 2064, and 98% in 2071, thus the costs in current dollars are $34,200.95,
$30,828.93, $28,062.14, $25,751.06, $23,791.66, and $22,10935, respectively. This data
is more easily captured in Table 4. Thus, over the boundaries of this study, where
installation is $148,340.83 and the total maintenance cost over a period of fifty years is
$203,145.29 an owner spends a total of $351,486.83 over the lifespan of HardieBoard,
based on the current value of the dollar, on scheduled maintenance.

In-Situ Wood
As the established siding, in-situ wood does not require the calculation of
installation costs, it merely requires the costs of schedule maintenance. A 2002 study,
published through the Athena Sustainable Materials Institute released an LCA based on
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historic, in-situ materials, which states that repainting wood siding in Atlanta occurs
every five years, for optimal results.169 Although the climate of Atlanta, Georgia, differs
from that of Charleston, South Carolina, the remaining cities of the study are Canadianbased, thus Atlanta and Charleston are most similar. As several layers of in-situ wood
are comprised of lead paint, lead abatement is occasionally required as an additional fee,
which varies in cost depending on the technique of removal: chemical stripping, heat
stripping or sanding. However, encapsulation of lead paint is a common method for
exterior buildings, and for the sake of this study, the lead paint on the in-situ wood is
encapsulated. Therefore, in-situ wood only requires the recurring cost of repainting every
five years. The average rate of $8.50/ft2 is based on the estimate of $7.00/ft2 to $10.00/ft2
for painting. Thus, the total cost of painting 5105 ft2 of exterior surface area is
$43,392.50. Based on the permit schedule, as well as the permit fee estimator available
on the Charleston City website (See Appendix C), the current permit fee for painting 22
Legare is $385.00. Therefore, every five years as recurring maintenance, an owner
spends $43,777.50 or equivalent, to paint in-situ wood siding.
Although a rate of $43,777.50 every five years demonstrates a schedule of costs,
Stanford’s methods seek to provide real costs, that is, expenses over its lifespan based on
the current value of the dollar. The future equivalent is found in real dollars by following
the Guidelines presented by Stanford, 𝑅𝐸𝐴𝐿 =

1+𝑁𝑂𝑀𝐼𝑁𝐴𝐿
1+𝐼𝑁𝐹𝐿𝐴𝑇𝐼𝑂𝑁

− 1. As established, the

inflation rate is regarded as the average of 2%, thus over the course of five years,
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inflation increases 10%, thus 𝑅𝐸𝐴𝐿 =

1+43,77.50
1+10%

− 1. Therefore, where the first cycle of

painting begins in 2022, the next cost of $43,777.00 in 2027 is equivalent to $39,797.64
in the current value of the dollar. With this formula in mind, inflation rises to 20% in
2032, 30% in 2037, 40% in 2042, 50% in 2047, 60% in 2052, 70% in 2057, 80% in 2062,
90% in 2067, and 100% in 2072, thus the costs in current dollars are $36,481.08,
$33,674.77, $31,269.36, $29,184.67, $27,360.56, $25,751.06, $24,320.39, $23,040.32
and $21,888.25, respectively. This data is more easily captured in Table 4.8. Thus, over
the boundaries of this study, an owner spends a total of $336,545.59, based on the current
value of the dollar, on scheduled maintenance.
Table 4.8. Adjustments for Inflation, based on each year of future maintenance.

Vinyl
Per Stanford’s Guidelines for Life Cycle Cost Analysis, an LCCA for vinyl
requires information regarding its maintenance schedule, its initial installation, which
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includes both hard and softs costs, and any recurring costs. According to the technical
data surrounding vinyl siding, vinyl has an expected lifespan of fifty years. While
installation of vinyl siding on new construction requires sheathing materials, including
both OSB and house wrap, vinyl installation as a replacement, where the substructure
remains sounds, includes affixing it directly over the wood, fiber cement or existing
siding. As it clips together, it does not use fasteners; furthermore, the material
installation involves neither paint nor sealant, thus vinyl does not have any maintenance
requirements outside of occasional washing with soap and water. Therefore, the single
cost of installation extends over the fifty years of its lifespan. On January 21, 2022, an
oral quote of $4.00/ft2, which includes installation and material, was received from
Coastal Siding and Windows. Based on this rate, the hard costs surrounding installation
of vinyl are $20,420.00. Soft costs related to the installation include permitting. Based
on Charleston’s project-based fee system, the permit fee for installation of vinyl siding on
the case study house of 22 Legare is $212.50. Thus, the total cost for installation of vinyl
siding is $20,632.50, which Table 4.9. Total hard and soft for vinyl installation.
remains the only cost for its
projected lifespan of fifty
years, as demonstrated in
Table 4.9.
Wood
The installation of new wood siding is similar to that of fiber cement, thus many
costs, such as the sheathing, moisture barrier and painting are the same. As carpenters
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Figure 4.19. Beaded Siding Pattern quoted, per Southern Lumber's current 2019 Catalog.

who install wood siding rarely do so on a rate per square foot basis, a material quote was
requested from Southern Lumber and Millwork Corp. Received on January 21, 2022 (see
Appendix C), the quote supplies 920 of 1”x8”x10’ Beaded Siding, Pattern #145, item
number 8145CTP10, Figure 4.19, which is a treated wood siding. This quote totaled
$34,091.79. Richard Marks, of Richard Marks Restoration, provided data to compute an
acceptable labor cost, with hourly labor rates, average time for construction and
additional markups. Based on the average of these numbers, the cost of labor for
installation is $5,045.63. With hard costs established, the evaluation of soft costs follows
parameters created by the City of Charleston. Where, the Building Permit Fee equals
$490.00, the Plan Review Fee becomes $245.00 and the Permit Application Fee remains
$40.00, totaling $775.00. Thus, based on these hard and soft costs, the installation of
new wood siding equals $110,699.05, Table 4.10.
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As effectively the

Table 4.10. Total hard and soft costs for wood siding installation

same material, new wood
siding maintenance
follows the five-year
repainting schedule of insitu wood. Thus, in the
same manner as in-situ
wood, over the course of
its fifty-year lifespan, wood experience ten scheduled maintenances of repainting. As
there is no difference in timeline, the inflation rate remains consistent for each material,
thus the total cost of repainting, in the current value of the dollar, is $292,768.09.
Therefore, over the course of fifty years, from installation, to schedule maintenance, the
owner spends $403,467.14, in the current value of the dollar.
ANALYSIS
In following the guidelines of an LCCA, as established by Stanford, the
overarching costs of each material are evaluated and determined in the current value of
the dollar. As an LCCA is based on set parameters, limitations include the true
variability of inflation, costs changing over time in reaction to the disruption of the
supply-chain or a limited labor force, and unpredicted natural disasters that incur more
maintenance than anticipated. Nevertheless, the LCCAs provide a fairly accurate
baseline for lifetime costs of each material. As illustrated in Table 4.11, vinyl is the
lowest cost both initially, and over time, as it requires a lump sum that extends

110

throughout its life. This is largely due to the fact that it does not require demolition of
existing substructure, it does not require any new sheathing and does not need painting,
only occasional pressure-washing.
Table 4.11. Expenses over Fifty-Year lifespan, in current value of dollar.

As either a new material or a reversible encapsulation of historic siding, vinyl
provides homeowners with an inexpensive alternative to constant maintenance of historic
or even new siding. Despite the clear difference in costs, encapsulation of historic siding
with vinyl should remain a last option, presented only to those homeowners who cannot
afford the upkeep of historic siding. As a reversible and temporary encapsulation method
for home owners without means, vinyl has the possibility of preventing the inappropriate
removal and disposal of historic wood siding, however, its efficacy for encapsulation
must be explored. Maintaining the in-situ wood proves the next most economically
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advantageous, as painting is roughly twice the installation cost of vinyl and this cost
continues regularly every five years until the end of the study. While upfront costs for
wood are less than those of HardieBoard, however, twenty years after installation, wood,
with its more frequent need for maintenance, surpasses HardieBoard. Thus, over the
fifty-year lifespan of each material, new wood siding is most expensive, followed by
HardieBoard, then maintaining the in-situ wood siding and then vinyl.
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CHAPTER V:
CONCLUSION
As simulated materials replace traditional building materials in vernacular use,
historic preservationists encounter the challenge of balancing historic integrity with
economic and environmental concerns. Through the examination and analysis of each
Material’s EPD, HardiePlank – the representative of fiber cement siding – contributes to
the greatest environmental impact of the four materials. This is followed by vinyl, then
traditional, but modern, wood siding, all of which are completely outclassed by retaining
in-situ wood clapboards. As believed by many advocates of historic preservation,
retaining in-situ wood siding prevents the most impact on the environment, as the
maintenance of cladding requires only the input of material, i.e. paint, with very little
waste and a net zero output of chemicals. In instances where total replacement must
occur, the data presented in this thesis supports replacement with traditional wood siding
from the perspective of environmental impact. The results of the vinyl LCA demonstrate
that it competes with wood in many categories, yet the excluded categories recall the
toxicity concerns presented by G. Akovali in his chapter “Plastic Materials: Polyvinyl
Chloride (PVC)” found in Toxicity of Building Materials. Although reporting on the
toxicity produced during a material’s cradle-to-grave lifespan is not an essential element
of a complete LCA, its exclusion presents an unknown that, if quantified, would either be
a boon or a blow to vinyl’s stance in the environmental impact sphere. The same must be
applied to HardiePlank, as its LCA also excluded the toxicity categories. Therefore,
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simulated materials create a greater level of environmental impact, though with constant
pressure to improve, they may surpass wood in the future.
While this thesis demonstrates the low environmental impact of retaining in-situ
wood siding, as preferred by established historic preservation techniques, it also exposes
the disconnect between environmental and economic sustainability. Despite the fact that
wood produces the lowest impact, of the replacement options, the LCCA shows the
financial expectations of new wood siding surpass those of any of the three alternatives.
Though the initial costs of fiber cement siding are highest, as the scheduled maintenance
is further spaced out, at the end of its life, it poses less of an economic burden than
replacing with wood. In-situ wood siding proves one of the more economic options,
despite its more frequent need of maintenance, however, this is largely due to the
adjustments for inflation. Nevertheless, the installation and upkeep of vinyl over fifty
years, is roughly half the expense of a single scheduled maintenance, i.e. painting.
Therefore, by keeping and maintaining in-situ wood siding for another fifty years, an
owner should expect to pay roughly twenty-three times the amount that vinyl siding
incurs over the same period. Additionally, vinyl siding requires minimal maintenance,
typically only in the form of pressure washing when necessary. The costs related to vinyl
siding explains its increase in popularity as a cladding choice, though it remains one of
the few materials entirely rejected by a NPS Preservation Brief.
Through the presentation and analysis of both the LCAs and LCCAs of each
material, the overall environmental and economic impacts of four different routes of
rehabilitation are provided. The results provide evidence that supports established
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techniques within the preservation realm, particularly as it effects the environment: first
by preserving or maintaining the material in-situ, followed by replacement in kind.
Nevertheless, the most economical option remains the least accepted within the field of
preservation, which contributes to the ongoing discussion regarding the place of socioeconomic status and preservation. While vinyl provides a reliable envelope for a
comparatively low fee, it also negates the focus of preservation – maintaining the
craftsmanship and feel of historic buildings. Ignoring the aesthetic implication of vinyl,
retaining historic, in-situ wood is the next most economical option. From a consumer’s
standpoint, vinyl may appear most beneficial, due to its low financial burden and
relatively low environmental impact, nevertheless, it is not an acceptable replacement for
historic siding in current preservation practice.
Although this study exhibits many surprising things regarding vinyl, it also
contributes to the historic preservation perspective. While proponents of simulated siding
assure consumers and contractors of its superiority to historic material, the evidence
presented within this thesis supports the retention of historic, in-situ siding and further
adds to the growing support for historic preservation’s contribution to sustainability.
Thus, while individual manufacturers proport that their respective product provides the
most environmentally and economically sustainable option, especially when compared to
their historic equivalent, through the available metrics established by both the lifecycle
cost assessment (LCA) and life cycle cost assessment (LCCA), historic materials prove
the most sustainable option for clapboard siding.
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LIMITATIONS OF STUDY
Although each of the aspects within the EPDs and LCCAs follow guidelines
established by professionals in the field, as with all studies, there are a few limitations
within the thesis. While the EPDs used for each material were peer reviewed by third
parties and followed the metrics established by CML, each report is approaching its
expiration date, as such studies are given a shelf-life of five years. Thus, in the past five
years, adjustments to each result may have occurred, however, until the publishing of the
new reports, the data provided within this thesis remains accurate, to the knowledge of
the author. Furthermore, the LCA developed for JamesHardie extends from cradle-togate, rather than cradle-to-grave, for a more accurate description of the environmental
impact of this fiber cement option, a full lifespan LCA should be located. As
HardiePlank regularly fared poorly in each category, a cradle-to-grave report would not
adjust its standing as having the highest impact, thus, it was determined that the cradle-togate report sufficed. Although vinyl siding included the average of four different vinyl
manufacturing companies, it also avoided the categories related to toxicity, as did
HardiePlank, therefore, further analysis might include more robust reports, that include
each category within lifecycle cost assessments.
While the LCAs analyze current environmental reports form each material, the
LCCAs demonstrate costs over time. Due to the constant flux of the economy, the study
was based on a fixed rise of inflation, and was unable to include escalation, whereby a
product and labor costs rise over time, and discount, whereby a certain technology lowers
in cost as it becomes more established. The escalation rate is usually established by the
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market over time in an area, and varies from location, thus, the rate remained an
unknown. Additionally, the discount attempts to recoup costs that do not occur as the
prices of technology decrease. As future costs only included painting for each material,
adjustments for discount and escalation would not alter the end result, as each material’s
cost over time would still rise at the same rate. Additionally, for the sake of this study,
the bid for fiber cement was based on Artisan HardieBoard, as an approved replacement
in some historic districts. This was chosen as the most viable contender with traditional
wood siding; however, Artisan is relatively new, thus it remains one of the more
expensive Hardie products. Therefore, in the future, as it becomes more typical for
Hardie, Artisan siding products may decrease over time. Thus, thus study represents the
current results, that is, quantifying the costs over a fifty-year span as if rehabilitation
began in the year 2022. Despite the fact that actual costs will change yearly, the expected
outcome of each material is unlikely to change until Artisan by Hardie becomes cheaper.
If installation of Artisan drops below the installation of wood siding, then, due it its less
frequent need for maintenance, fiber cement will become a more economically
advantageous option than either in-situ wood or replacement with traditional wood
siding.
Although the study provides both the environmental and economic sustainability
of each material, further instances of lifecycle costing were developed in the late 2000s.
One such study is the Social Lifecycle Cost Assessment (S-LCA) which quantifies the
effects of production through a grade-system, measuring its effect on individuals within
society, usually focusing on the life-safety of those employed in the production, but also
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the effects on a community throughout the product’s lifespan.170 The resulting S-LCA,
combined with and LCA and LCCA provides results that are labeled as life cycle
sustainable assessment (LCSA), which quantifies a material’s overall costs, including
environmental, economic and social costs, Figure 5.1.171 As this study continues to
develop, so too, will its application. For now, simply analyzing the environmental and
economic impact suffices in the movement for sustainability, but as these other two
studies develop, then this study may be approached again to include each method of life
cycle costing.

LCA

LCSA
SLCA

LCCA

Figure 5.1. Equation for LCSA, quantifying the overall environmental, economic and social costs of a
material.

Matthias Finkbeiner, Towards Lifecycle Sustainability Management (New York, NY: Springer
Science + Business Media B. V., 2011), 4.
170

Finkbeiner, xii.

171
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FURTHER STUDY: ALTERNATIVE MATERIALS IN PRESERVATION
Although the primary purpose of the analysis consists of establishing the actual
environmental and economic impacts of each material, as a means of determining the
most sustainable options available at present, the startling results related to vinyl siding
pique interest in other applications of the product. Most particularly, as an advantageous
material for preservationists. Under the sub-heading “Securing the exterior envelope
from moisture penetration,” the Preservation Brief 31 on mothballing states, “Nonhistoric or modern materials may be used to cover historic surfaces temporarily, but these
treatments should not destroy valuable evidence necessary for future preservation
work.”172 Unlike most replacement siding, vinyl siding is installed directly over what
presently exists, allegedly evading any alteration of the covered siding. Furthermore,
during conversations with contractors and other preservationists regarding this thesis,
instances were brought up where the removal of vinyl siding uncovered pristine historic
wood siding. While such cases illustrate success stories of accidental mothballing using
vinyl, these are mostly undocumented and the parameters of their success are entirely
unknown. Thus, as vinyl continues as an inexpensive material of cladding with a
relatively low level of environmental impact, its application as a means of mothballing
may be considered. Such consideration, however, will likely involve intense scrutiny.
This is especially due to the possibility of unchecked rot in the wood, that may occur due
to inappropriate installation methods, or instances where rot set in prior to encapsulation.

172
Sharon C. Park, “31 Preservation Briefs: Mothballing Historic Buildings,” (National Park
Service, 1993. nps.gov (accessed March 3, 2022), 4.
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While experiments determining the efficacy of vinyl as a mothballing technique far
exceed the scope of this thesis, the overall price and environmental impact of vinyl does
promote its use in instances where proper maintenance of historic, in-situ wood is
temporarily unfeasible.
While vinyl remains a contentious topic within preservation, even when
considering its potential as a method of temporarily mothballing historic siding, fiber
cement is a more successful contender for use within historic districts. Though exact
instances were not located, both the fiber cement contractor and a past member of the
Charleston Board of Architectural Review acknowledged instances where Artisan Hardie
Board was accepted in-lieu of wood siding. Much like vinyl’s success as a technique of
mothballing, such instances change on a case-by-case basis, however, the Board of
Architectural Review does acknowledge in their “Principles for New Construction and
Renovations and Repairs,” published in 2017:
Principle: The authenticity of Charleston should be supported by the use of
materials that are authentic in their appearance and function.
A means of achieving this principle may be through the use of exterior materials
as brick, cut stone, smooth stucco and clapboard. Composite and processed
materials, steel sections, cast stone, and cementitious boards, in limited quantity,
may be acceptable upon submittal of a sample to the BAR. Vinyl, Styrofoam,
GFRP and other synthetic materials should be avoided, or if not avoided,
concentrated on the higher levels of the structure.173

City of Charleston, “2017 Board Of Architectural Review Principles for New Construction and
Renovations and Repairs” (2017), 2. Charleston-sc.gov (accessed March 1, 2022).
173
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Accordingly, cementitious board – otherwise known as fiber cement – is acceptable in
certain instances, after approval. Therefore, as fiber cement continues to improve its
environmental impact, it may be allowed more frequently within certain historic districts.
Once again, such instances are outside the scope of this study, but as sustainability
continues to affect historic preservation, it may be something worth studying further in
the future.
IN CONCLUSION
Although retaining in-situ wood produces the lowest level of environmental
impact, the EPDs provide further information regarding the alternatives. While each
material adheres to ASTM standards and accordingly meets production requirements for
input and output, the data obtained through the EPDs demonstrates that HardiePlank
produces the greatest environmental impact and uses the majority of resources.
Furthermore, vinyl siding exhibits much lower impacts on nearly each category.
Nevertheless, the results of wood siding demonstrate the lowest environmental impact of
the new materials. Therefore, while simulated materials continue to improve both in
material use and environmental impact, they fall short of surpassing traditional material
in sustainability.
Although manufacturers proport their material as the most sustainable, retaining
and maintaining in-situ wood ensures the least environmental impact. This is simply due
to the fact that it contains embodied energy – that is, energy already expelled for the
manufacturing and installation of the in-situ wood. While there is debate regarding the
energy efficiency of maintaining historic materials, ultimately, material in place remains
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the most sustainable.174 Thus, while simulated materials continue to improve their
environmental impact, through the quantification of environmental and economic
impacts, using both the LCA and LCCA methods, it is apparent that wood remains the
least impactful, and retaining in-situ wood siding prevents almost all environmental
impact. Furthermore, in-situ wood, as a product of old-growth wood, has a much longer
lifespan than either the synthetic materials or the new wood siding. While the production
of both wood and vinyl have relatively low environmental impacts, the regular
replacement of either siding produces a greater environmental impact over time. Thus,
despite the disconnect between environmental costs and economic costs, retention of insitu siding remains the most environmentally sustainable option over its extended
lifetime.

Cassar, 6.
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Appendix A
Environmental Product Declarations
As follows:
Pages 125-140: James Hardie, Environmental Product Declaration, May 2020
Pages 141-152: Vinyl Siding Institute, Vinyl Siding Industry Average, July 2016
Pages 153-157: Western Red Cedar Lumber Association (WRCLA) Typical
Western Red Cedar Bevel Siding Environmental Product Declaration,
February 2018
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Appendix B
Equivalents of Each Category
The following tables represent the main component and their equivalents within
each category applicable category of the lifecycle cost assessment. Each table was taken
from Klöpffer and Grahl’s Life Cycle Assessment (LCA): A Guide to Best Practice, and is
cited accordingly.
The equivalents are located within the following pages:
Page 163: Climate Change/Global Warming Potential (GWP) CO2 and Equivalent
Page 164: Ozone Layer Depletion Potential (ODP) CFC11 and Equivalent
Pages 165-167: Photochemical Oxidant Potential (POCP) Ethane and Equivalent
Page 168: Acidification Potential (AP) SO2 and Equivalent
Page 168: Eutrophication Potential (EP) PO43- and Equivalent
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Climate Change/Global Warming Potential (GWP) CO2 and Equivalent

Figure B.1. Walter Klöpffer and Birgit Grahl, Life Cycle Assessment (LCA): A Guide to Best Practice,
First Edition, (Weinheim, Germany: John Wiley and Sons, Inc., 2014), ProQuest Ebook Central, 239,
Table 4.9.
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Ozone Layer Depletion Potential (ODP) CFC11 and Equivalent

Figure B.2. Walter Klöpffer and Birgit Grahl, Life Cycle Assessment (LCA): A Guide to Best Practice,
First Edition, (Weinheim, Germany: John Wiley and Sons, Inc., 2014), ProQuest Ebook Central, 244,
Table 4.10.

164

Photochemical Oxidant Potential (POCP) Ethane and Equivalent

Figure B.3. Walter Klöpffer and Birgit Grahl, Life Cycle Assessment (LCA): A Guide to Best Practice,
First Edition, (Weinheim, Germany: John Wiley and Sons, Inc., 2014), ProQuest Ebook Central, 250,
Table 4.11.
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Figure B.4. Walter Klöpffer and Birgit Grahl, Life Cycle Assessment (LCA): A Guide to Best Practice,
First Edition, (Weinheim, Germany: John Wiley and Sons, Inc., 2014), ProQuest Ebook Central, 251,
Table 4.11.
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Figure B.5. Walter Klöpffer and Birgit Grahl, Life Cycle Assessment (LCA): A Guide to Best Practice,
First Edition, (Weinheim, Germany: John Wiley and Sons, Inc., 2014), ProQuest Ebook Central, 251,
Table 4.12.

167

Acidification Potential (AP) SO2 and Equivalent

Figure B.6. Walter Klöpffer and Birgit Grahl, Life Cycle Assessment (LCA): A Guide to Best Practice,
First Edition, (Weinheim, Germany: John Wiley and Sons, Inc., 2014), ProQuest Ebook Central, 258,
Table 4.13.

Eutrophication Potential (EP) PO43- and Equivalent

Figure B.7. Walter Klöpffer and Birgit Grahl, Life Cycle Assessment (LCA): A Guide to Best Practice,
First Edition, (Weinheim, Germany: John Wiley and Sons, Inc., 2014), ProQuest Ebook Central, 264,
Table 4.14.
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Appendix C
Hard and Soft Costs
Hard Cost: Lumber Quote
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Hard Cost: Labor for Wood Siding Installation
The hard cost related to installing wood siding was developed based on the
average of the following rates, provided by Richard Marks of Richard Marks Restoration,
on February 16, 2022:
A typical siding crew has three people, two installers (with nail guns, sometimes
on ladders) that measure the needed lengths and then fasten them after the cut
man (on the ground with boards on saw horses) trims the boards to size. Wages
vary greatly with skill levels and differing geographic regions of the Country. The
two installers could make from $ 15.00 per hour to $ 25.00 per hour. The cut man
is usually the lead carpenter and could make between $ 20.00 per hour and $
30.00 per hour. This allows a range of $ 50.00 per [h]our to $ 80.00 per hour, and
averages
$ 65.00 per hour. For the purposes of cost to an owner, this wage rate would also
include a labor burden. Labor burden include worker's comp, and state/federal
taxes (Fica, Futa and Suta) which adds about 35% to the hourly rate. A good crew
should be able to install 250 LF of 1 x 8 siding per hour on the ground and 120 Lf
of siding per hour on high ladders. This averages out to 185 LF at $ 65.00 per
hour (before labor burden), or about 35 cents per foot.
Once the average was developed, a markup of 15% was added, accounting for the typical
contractor’s fee.
Hard Cost: Fiber Cement
The hard costs related to the installation and maintenance of fiber cement siding
are based on the following quote, which was received in email format on January 21,
2022, from Bryan J at Holy City Exteriors:
Some new builds are allowed to have Artisan and I have seen a few remodels
allowed. Mostly, via builders, rather than private owners.
From an affordability standpoint, artisan would not be the best argument. It’s a
“designer” board. However, it’s doubtful we ever see standard FC approved on
the peninsula. Nonetheless, you could make the argument, that wood siding and
exterior trim, without lead based paint, is essentially below building standards for
this region. Rot, wind born ratings etc.
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Nonetheless,
To remove existing wood siding and replace with Hardie Artisan you would pay,
on average $15 per sq ft. This would include basic trim. IE corners and frieze
board.
You’ll need to add osb over existing studs @$2.75-3 per sq ft. (Depending on
material cost)
House wrap will be in the 1-1.50 range depending on the product.
Add paint at 7-10 per sq ft.
As noted by Bryan, in certain instances, the BAR accepted Artisan Board siding. Thus,
while it is a more expensive version of fiber cement siding, it is more likely that this type
of siding would receive approval, hence its use for this analysis. The hard costs are based
on the average of each cost provided by Bryan.
Soft Cost: Painting Permit Fee

Figure C.1. Permit cost, estimated by Charleston's web portal.
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